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FEENCH      ROADS,      THEIR      ADMINISTRATION,      CONSTRUC- 
TION   AND    MAINTENANCE. 


By  Prof.  Frank  H.  Neff,  Member  of    the  Civil  Engineers'  Club 

of   Cleveland. 


[Read  Nov.  10,  1891.] 

The  first  great  roads  of  France,  as  is  indeed  the  case  of  other  coun- 
tries of  Europe,  were  of  Roman  origin,  and  were  built  by  them  for  the 
purpose  of  maintaining  their  military  supremacy. 

But  the  present  great  system  of  public  highways,  of  which  France 
may  so  justly  be  proud,  is  of  much  more  recent  origin,  although  not  by 
any  means  of  sudden  growth,  but  rather  the  result  of  the  experience 
and  investigation  of  their  best  engineers  for  a  century  back. 

As  far  back  as  the  XHI  century  we  find  that  they  were  already  oc- 
cupied with  the  classification  of  the  then  existing  roads. 

By  degrees  the  lines  separating  different  classes,  which  at  first 
must  have  been  more  or  less  vague,  became  well  defined,  as  roads 
were  constructed  to  be  of  one  class  or  another. 

So  to-day  we  find  three  distinct  classes  of  roads: — 

(1)  National  Roads  (Routes  Nationales.) 

(2)  Departmental  Roads  (Routes  Departmentales.) 

(3)  Vicinal  or  County  Roads  (Chemin  Vicinaux.) 

The  third  class  is  again  divided  into  three  classes  according  as  the 
roads  are  a  means  of  communication  between  several  large  communes, 
join  small  ones  only,  or  are  a  part  of  those  belonging  to  a  single  com- 
mune. 

A  word  about  the  general  plan  of  government  of  France  and  the  di- 
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vision  of  its  territory  may  help  to  better  understand  the  lay  of  the 
ground. 

France  is  divided  into  87  Departments,  as  they  are  called,  gov- 
erned by  a  prefect,  who  is  appointed  by  the  general  government.  He 
is  assisted  by  a  prefect  council,  and  by  "subprefects  who  have  the 
charge  of  Arrondissements. 

These  87  Departments  are  divided  into  362  Ari'ondissements,  being 
about  four  (4)  to  a  Department. 

The  Arrondissements  are  divided  into  2365  cantons,  about  8  cantons 
to  each  Arrondissement. 

The  cantons  are  again  divided  into  communes,  36,074  in  number  or 
about  13  to  a  canton. 

The  total  area  of  France  is  204,000  sq.  miles  so  that  the  average 
area  of  a  commune  is  about  5f  sq.  miles. 

The  total  population  is  about  38,000,000  so  that  the  population  of 
the  communes  will  average  about  1,000  people. 

The  National  Roads  are  such  as  were  built  principally  for  military 
purposes.  Their  entire  cost  of  construction  and  expense  of  mainten- 
ance are  borne  by  the  general  government. 

As  France  has  changed  her  form  of  government  from  time  to  time, 
these  roads  have  been  successively  called — Imperial,  Royal,  and  Na- 
tional Roads.     Their  total  length  is  about  24,000  miles. 

The  Departmental  Roads  compose  a  separate  system  in  each  depart- 
ment. They  connect  its  principal  cities  and  are  designed  with  the  best 
interests  of  that  entire  department  in  view. 

They  are  opened,  constructed  and  maintained  at  the  expense  of  the 
department.     They  comprise  altogether  about  24,000  miles. 

In  the  last  but  by  many  times  the  most  important  class,  both  from 
the  extent  and  utility  of  the  roads  classed  therein  are  the  County 
Roads  or  chemins  vicinaux.  For  naturall}1-  with  the  advent  of  railroads 
and  the  adoption  of  narrow  gauge  systems  in  the  departments,  as  has 
been  done  there,  the  need  of  a  means  of  transport  for  troops  and  mer- 
chandise at  long  distances,  which  called  into  existence  National  and 
Departmental  roads,  has  been  much  better  met  by  the  railroad. 

So  that  their  growth  has  been  of  little  importance  since  the  inven- 
tion of  the  latter.  But  as  one  might  expect;  just  the  opposite  effect 
was  produced  upon  the  development  of  the  local  roads. 

Increased,  and  cheaper  transportation  has  brought  hitherto  inacces- 
sible markets  within  reach  and  made  good  roads  for  reaching  the  rail- 
roads, a  thing  to  be  desired;  so  that  these  County  or  Vicinal  roads  have 
a  length  of  about  368,000  miles:  which  does  not  include  the  roads  with- 
in the  limits  of  the  villages. 

These  roads  are  built  and  maintained  by  the  communes  through 
which  they  run.     A  road  joining  two  communes   being  owned  and 
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maintained  by  each  as  far  as  their  common  boundary. 

The  familiar  maxim  of  a  "stitch  in  time"  is  characteristic  of  the 
sj'stem  employed  by  the  French  in  the  maintenance  of  their  roads. 

It  was  in  1818  that  this  maxim  was  first  used  in  connection  with 
the  maintenance  of  roads.  At  that  time  an  inquiry  was  being  made 
into  methods,  and  a  Mr.  Walker  in  a  speech  said  that  "a  stitch  in 
time"  was  the  maxim  of  all  good  housekeepers,  and  why  not  apply  it 
to  roads.  Since  then  the  principle  of  "a  stitch  in  time"  has  been  adopt- 
ed by  engineers  to  denote  that  system  which  means  constant  inspec- 
tion and  repair.  You  can  see  that  the  application  of  such  a  principle 
must  require  a  staff  of  workers.  To  repair  at  once  any  degradation  of 
the  surface,  or  to  remove  at  once  any  mud  that  may  result  from 
protracted  bad  weather,  requires  that  workmen  be  distributed  along 
the  road  to  take  the  timely   stitch. 

The  care  of  the  National  Roads  is  a  large  part  of  the  duties  of  the 
"Engineers  of  Bridges  and  Roads"  (Ingenieurs  des  Ponts  et  Chaussees) 
and  belongs  to  the  port-folio  of  the  Minister  of  Public  Works. 

In  each  department,  there  is  appointed  by  the  Minister  of  Public 
Works,  an  Engineer  in  Chief,  who  has  the  direction  and  responsibility  of 
the  work  of  maintenance  of  such  portion  of  the  National  roads  as  lie 
within  that  department.  He  is  also  placed  in  charge  of  some  other 
work  in  that  department.  Either  of  railroads,  navigation;  either  of  can- 
al or  river  improvements,  or  the  care  of  the  seaports  if  such  lie  in  that 
department. 

Sometimes  he  is  also  m  charge  of  the  Departmental  Roads,  and  in  a 
few  cases,  of  the  County  roads  as  well;  under  him  are  several  En- 
gineers in  ordinary  (Ingenieurs  Ordinaires)  who  are  employed  only  in  a 
certain  section  of  the  department.  Each  one  having  charge  of  the 
work  in  an  Arrondissement. 

There  they  direct  the  repairs  according  to  the  general  plans  of  their 
chief,  but  at  the  same  time  they  are  allowed  a  considerable  liberty  to 
display  their  ability  or  originality,  and  follow  out  their  own  ideas  in 
the  details  of  the  work.  Their  duties  require  them  to  visit  care- 
fully at  least  four  times  a  year,  oftener  if  necessary,  every  road  con- 
fided to  their  care. 

The  next  grade  below  the  Engineers  in  ordinary  is  that  of  Conduc- 
tor or  Asst.  Engineer. 

The  Conductor  has  a  sub-division  comprising  a  length  such  that  he 
may  be  able  to  inspect  it  in  detail  at  least  twice  each  month  and  still 
have  sufficient  time  to  attend  to  the  other  requirements  of  the  service 
with  which  the  chief  is  charged — i.  e,  of  Bridges — Railroads — Canals — 
Seaports,  etc. 

The  subdivision  comprises  usually  from  25-50  miles  of  road  accord- 
ing to  the  distribution  and  the  complexity  of  their  maintenance,  and 
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of  other  details  connected  with  them.  The  Conductor  makes  as  I 
have  said,  semi-monthly  inspections  of  the  roads  under  his  charge — and 
further — he  makes  his  tours  of  inspection  on  foot. 

He  gives  orders  to  the  foremen  of  the  different  gangs  at  work  along 
the  roads.  He  keeps  a  record  of  thpir  work  to  see  that  they  do  a  pro- 
per amount.  If  any  have  been  guilty  of  neglect  he  may  recommend 
to  his  chief  that  they  be  punished. 

Following  each  regular  inspection  he  forwards  a  written  report  to 
the  engineer  in  charge  of  that  division.  He  keeps  the  accounts  for  his 
division.  He  is  consulted  by  the  engineer  in  case  of  the  receipt  of  any 
petition  or  other  affairs,  upon  which  his  accurate  knowledge  of  the  di- 
vision would  make  him  capable  of  giving  information  or  advice. 

If  any  surveys  are  to  be  made,  he  makes  them.  He  also  inspects 
all  road  material,  all  of  which  is  furnished  by  contract,  and  has  im- 
mediate, charge  of  the  construction  of  all  new  work. 

The  Engineer  can  give  no  order  to  the  laborers  without  g'iving  it- 
through  the  Conductor. 

In  districts  where  there  is  much  to  do  the  Conductor  is  aided  by  a 
Second  Asst.  Engineer. 

This  is  the  grade  held  by  the  younger  Engineers,  who  have  charge 
of  the  drafting  and  clerical  work  in  the  Chief  Engineer's  office  and  also 
assist  in  tlie  out  door  work  when  there  is  a  press  of  it. 

It  is  from  the  ranks  of  these  latter  that  by  promotion  the  corps  of 
Asst.  Engineers  or  Conductors  is  kept  up  to  the  required  number. 
Their  promotion  is  made  upon  their  successfully  passing  examinations 
for  that  purpose. 

A  word  about  the  recruiting  of  the  large  staff  of  engineers  needed 
where  the  government  takes  an  active  part  in  the  construction  and 
maintenance  of  roads,  the  inspection  of  mines,  railways,  etc.,  and 
even  in  the  owning  and  running  a  large  system  of  railways. 

There  are  three  schools  to  be  mentioned  in  this  connection. 

The  Polytechnic  School,  the  National  School  Of  Mines,  the  Nat- 
ional School  of  Bridges  and  Roads. 

The  Polytechnic  receives  Frenchmen  only.  They  are  given  a  re- 
gular technical  education;  many  scholarships  being  awarded  to  stu- 
dents. 

The  forty  highest  of  the  graduates  are  permitted  to  go  to,  either 
the  School  of  Mines,  or  School  of  Bridges  and  Roads,  as  they  may  el- 
ect, except  that  if  there  are  more  elect  to  go  to  the  School  of  Mines 
than  there  are  vacancies  those  with  the  lower  grades  are  compelled  to 
go  to  the  other  school. 

Upon  their  entry  into  either  one  of  these  schools  they  receive  a 
certain  salary  to  enable  them  to  pay  their  expenses  during  the  three 
years  necessary  to  complete  the  course  in  either  institution. 
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During  that  time  their  conduct  and  grade  must  be  above  a  certain 
standard,  or  they  are  liable  to  be  discharged  from  service.  For  it 
amounts  to  that,  that  from  the  time  they  enter,  they  are  upon  the  staff, 
of  government  engineers. 

During  vacations  they  are  given  practice,  or  an  opportunity  to 
study  practice  under  the  best  engineers — and  at  the  completion  of  the 
course  they  are  given  stations  with  a  salary  that  varies  with  the 
cost  of  living  in  that  department. 

No  engineer  can  bear  the  title  of  Engineer  of  Mines  or  Engineer  of 
Bridges  and  Roads  without  being  a  graduate  of  one  of  these  institu- 
tions. 

The  Professors  in  the  schools  are  all  past  graduates  of  the  same 
school  and  men  who  have  risen  to  the  grade  of  General  Inspector, 
one  between  Engineer  in  Chief  and  Minister  of  Public  Works. 

They  hold  this  position  at  the  same  time  they  are  employed  in  the 
school.  So  that  they  are  actively  engaged  in  government  work  at  the 
same  time  they  are  teaching. 

Lectures  begin  the  first  of  November  and  continue  until  May;  so 
that  about  six  months  of  each  year  is  spent  upon  government  work 
under  able  engineers. 

A  limited  number  only  of  student  engineers,  as  they  are  called, 
are  admitted  into  either  school.  Forty  only  each  year  into  both.  But 
besides  these  there  are  others  who  may  follow  the  courses  at  the 
school.  They  are  called  Eleves  Externes,  external  pupils,  who  have 
the  same  advantages  within  the  school  except  a  salary.  That  is  they 
get  free,  everything  necessary  for  their  work. 

Foreigners  may  be  admitted  into  this  class  if  sent  by  their  govern- 
ments. 

From  this  class,  Eleves  Externes,  I  suppose  that  the  trustees  or 
commissioners  of  Departmental  and  County  roads  are  chosen. 

Foreigners,  by  simple  application,  are  given  a  card  which  entitles 
them  to  attend  the  greater  part  of  the  lectures  given  to  the  students, 
but  does  not  entitle  them  to  the  privilege  of  working  in  the  laborator- 
ies or  drawing  rooms. 

Under  the  Conductor  comes  the  road  laborer.  The  road  laborers  are 
divided  into  squads  of  five  or  six.  Each  one  is  in  charge  of  an  overseer, 
chosen  from  one  of  their  number. 

Each  of  the  road  laborers  has  charge  of  a  length  of  road  varying 
from  li  to  2$  miles  depending  upon  the  condition  of  the  road,  the 
amount  of  circulation,  and  the  method  of  maintenance,  which  would  de- 
pend upon  the  nature  of  its  construction. 

"When  there  happens  to  be  much  work  to  be  done  at  once,  a  few 
laborers  by  the  day  are  hired  to  assist;  but  they  are  reduced  to  the 
least  possible  number. 
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If  there  is  to  be  work  that  will  require  extra  laborers  for  a  consid- 
erable iength  of  time  they  organize  another  road  gang;  so  that  the 
work  will  be  done  by  regular  hands. 

The  reason  of  this  needs  no  explanation.  You  know  that  laborers 
picked  up  for  a  few  days  will  do  worse  work  and  less  of  it,  than  a  re- 
gular employe  and  will  require  more  careful  watching  while  doing  it. 

The  overseer  has  charge  of  a  less  length  of  roadway  than  his  fel- 
low workers,  so  that  he  may  have  time  to  inspect  their  work. 

At  one  time,  in  a  few  of  the  departments,  he  was  relieved  from  all 
manual  labor,  having  nothing  to  do  but  see  that  the  work  of  the 
others  was  properly  done. 

But  this  practice  has  been  discontinued  and  to  the  improvement  of 
the  service. 

The  overseer's  section  is  expected  to  be  the  best  kept  of  his  brigade, 
in  fact  serve  as  a  model  for  them;  to  show  that  he  holds  his  position 
by  his  superior  ability,  and  not  by  virtue  of  the  fact  that  he  may  be  a 
friend  of  the  engineer  as  might  be  the  case,  if  he  were  a  walking  in- 
spector only. 

It  has  also  been  found  beneficial  to  the  service  that  the  position  of 
overseer  be  filled  from  the  ranks  of  the  laborers  only — (civil  service 
you  see.) 

The  duties  of  the  overseer  require  him  to  visit  each  member  of  his 
brig-ade  once  a  week. 

He  makes  a  written  detailed  report  of  each  of  these  trips,  upon  its 
completion,  and  sends  it  to  the  Conductor. 

This  report  gives  the  date  of  the  trip,  the  time  and  place  at  which 
each  of  his  men  was  met,  what  he  was  doing,  the  manner  in  which  he 
had  executed  the  orders  given  on  the  preceding  trip,  and  instructions 
for  the  direction  of  his  work  for  the  next  one. 

Thus  once  each  week  the  Conductor  has  information  showing  him 
the  status  of  the  work  at  every  point  of  his  division. 

The  road  laborer  is  upon  the  road  from  5  a.  m.  to  7  p.  m.  in  summer 
and  from  sunrise  to  sunset  in  winter.  They  wear  upon  their  hats  a 
badge  which  distinguishes  them  from  other  workmen. 

They  have  also  a  numbered  disc  or  signal  fastened  to  a  staff.  This 
must  be  planted  within  one  hundred  yards  of  the  point  at  which  they 
are  working. 

Not  only  are  they  not  permitted  to  quit  the  roads  during  bad 
weather,  but  they  are  expected  to  be  more  than  ever  vigilant,  though 
permitted  to  construct  shelter  along  the  road,  or  carry  a  portable  one 
for  protection  during  the  greatest  violence  of  storms. 

In  case  any  traveler  meets  with  an  accident  they  must  assist  him 
gratuitously. 
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Tools:* — Part  of  their  tools  they  furnish  themselves,  part  are  fur- 
nished by  the  Government.     All  must  be  kept  in  good  condition. 
Duties: — 1.     Keep  gutters  clear  so  that  water  runs  freely. 

2.  Scrape  off  the  mud  in  wet  weather  and  sweep  off  dust  in  dry  so 
that  the  road  is  always  clean. 

3.  To  clean  off  the  snow  as  far  as  possible,  break  up  ice  on  the 
road  and  in  the  gutters  during  the  winter. 

4.  Pick  up  all  loose  stones,  break  them,  and  pile  them  in  regularly 
shaped  piles  on  the  side  of  the  road  ready  for  use  in  repairing  the  ruts 
and  holes. 

5.  Keep  mile  posts  in  good  order. 

6.  Take  care  of  the  trees  bordering  the  road. 

They  are  furnished  with  a  register  destined  to  receive  the  observa- 
tions of  any  of  their  superiors. 

In  this  register  the  agents  note  their  names,  time  and  place  of 
meeting,  nature  of  work  upon  which  the  laborer  is  engaged,  and  the 
orders  and  instructions  given  him. 

This  book  when  examined  by  the  chief  engineer,  permits  him  to 
judge  of  the  diligence  and  ability  of  his  assistants,  since  they  cannot 
properly  fill  the  register  without  being  conversant  with  the  work, 
and  at  the  same  time  permits  him  to  judge  the  laborers  themselves. 

In  addition  to  this  they  are  supplied  with  blanks,  and  send  in  each 
month  a  report,  giving  for  each  day  the  nature  of  the  work  done,  and 
the  time  required  to  do  it. 

The  conductor  makes  a  resume  of  these  and  sends  it  to  the  chief. 

The  zeal  of  the  workmen  is  maintained  by  a  system  of  rewards  and 
fines. 

A  half  day's  wages  is  deducted  if  he  is  not  able  to  present  his  regis- 
ter when  demanded. 

If  not  found  at  his  post  he  is  liable  to  a  fine  of  two  day's  wages  the 
first  time,  of  three  day's  wages  the  second  time  and  to  dismissal  the 
third  time. 

If  he  has  not  performed  the  work  he  should  have  done  he  is  fined 
an  amount  equal  to  that  which  it  would  require  to  perform  the  work. 

All  or  a  part  of  these  fines  are  distributed  among  those  of  the 
workmen  who  have  distinguished  themselves  by  their  zeal  during  that 
month. 

At  the  end  of  each  year  the  laborer  and  overseer  with  the  best 
record  each  receive  as  a  present  an  amount  equal  to  a  month's  salary. 

The  laborers  are  divided  into  three  classes,  overseers  into  two  class- 
es, equal  numbers  in  each  class.      The  division  is  made  upon  basis  of 

*His  tools  are — wheelbarroAV,  iron  shovel,  wooden  shovel,  pick,  iron 
scraper,  wooden  scraper,  broom,  iron  rake,  crowbar,  hammer  and  tape 
line. 
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the  preceding  year's  record.  Time  of  service  does  not  count.  Indeed 
an  old  employe  may  descend  in  class,  (but  this  seidom  occurs.)  They 
receive  from  $10  to  $20  per  month,  according  to  the  cost  of  living  in  that 
department,  and  the  class  to  which  they  belong.  Overseers  receive  a 
salary  20  per  cent,  greater  i.  e.,  $12  and  $24  per  month. 

Although,  as  you  see,  not  remunerated  by  a  princely  salary,  the 
position  of  road  laborer  is  much  sought  by  the  peasantry,  on  account 
of  the  honor  and  importance  attached  to  a  government  office,  so  that 
applications  for  positions  exceed  the  needs  and  it  has  become  necessa- 
ry to  make  applicants  fulfill  certain  requirements. 

Thus  aspirants  for  positions  are  compelled  to  fulfill  the  following 
conditions  before  being  eligible  to  appointment  by  the  Prefect  of  the 
Department: 

1st.     Age,  21  to  40  years. 

2nd.     No  deformity  preventing  daily  labor. 

3rd.  Must  have  had  experience  either  upon  roads  or  in  construction 
i.  e.,  building. 

4th.     Must  have  a  certificate  of  morality. 

5th.     Be  able  to  read  and  write. 

They  may  be  discharged  by  the  Prefect  upon  recommendation  of 
the  Engineer  in  Chief. 

This  S3rstem,  while  employed  throughout  France  for  the  mainten- 
ance of  the  national  roads,  is  applied  to  all  the  other  roads  in  but  27  of 
the  87  departments. 

In  three  departments,  the  Engineer  in  Chief  has,  it  is  true,  the  di- 
rection of  the  work,  but  has  under  him  a  different  corps  of  engineers 
or  commissioners  to  superintend  the  work  upon  the  county  roads. 

In  57  of  the  departments  a  commissioner  appointed  by  the  Minister 
of  the  Interior,  has  charge  of  the  county  roads.  His  corps  comprises 
commissioners  or  trustees  in  the  arrondissements  and  cantons  who  are 
appointed  by  the  Prefect  of  the  Department. 

In  the  old  feudal  days,  previous  to  the  French  Revolution,  the 
roads  (except  royal  ones)  were  the  property  of  the  nobles  through 
whose  domain  they  ran. 

The  nobles  were  charged  with  the  repair  of  these  roads  and  of  such 
bridges  as  might  be  upon  their  estates. 

In  order  to  enable  them  to  do  this,  they  were  authorized  to  collect 
toll  at  certain  places,  which  they  were  empowered  to  establish. 

In  case  the  toll  collected  did  not  suffice  for  the  needs,  they  were 
given  power  to  compel  the  peasantry  to  devote,  without  charge,  the 
amount  of  labor  necessary  to  keep  the  roads  and  bridges  in  good  con- 
dition. This  was  in  addition  to  the  amount  of  time  that  they  were  re- 
quired to  work  on  the  roj'al  roads. 

History  does  not  mention  that  the  Fiench  nobility   was  troubled 
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with  anything  resembling  conscientious  scruples.  In  fact  that  great 
uprising  of  the  people  known  as  the  French  Revolution,  would  convey 
the  idea  that  they  were  more  than  usually  unscrupulous. 

As  they  were  accountable  to  no  one  for  the  amount  of  tolls  that 
they  did  collect,  the  custom  came  into  general  practice  of  turning  all 
tolls  into  their  individual  pockets  and  turning  the  peasants  out  upon 
the  roads  for  a  long-er  period  of  time  to  work  for  nothing.  At  the  same 
time  they  increased  unlawfully  the  number  of  toll  gates  from  2,000  to 
about  5,600,  as  was  found  by  an  examination  just  previous  to  the  Rev- 
olution. 

The  Kings  sent  billet-doux  from  time  to  time  to  their  nobles  remind- 
ing them  that  money  collected  must  not  be  used  other  than  for  the 
maintenance  of  the  bridges  and  roads. 

But  these  royal  proclamations  had  little  or  no  effect,  for  the  nobili- 
ty was  a  great  power  at  that  time.'  The  peasant  could  get  no  judg- 
ments against  them  for  they  were,  by  right  of  birth,  the  judges  or 
magistrates  themselves,  and  disposed  of  all  cases  to  their  own  best  ad- 
vantage. 

Among  the  acts  of  the  new  government  following  the  Revolution 
was  one  repealing  all  acts  authorizing  forced  labor  upon  any  roads. 

From  that  time  on  the  peasantry  had  an  easy  time  in  so  far  as 
working  to  maintain  the  roads  went;  but  when  he  came  to  use  the 
roads  in  bad  weather,  he  probably  did  not  have  as  easy  going  as  before. 
For  although  the  communes  were  authorized  to,  and  did,  appropri- 
ate money  for  the  roads  it  was  all  spent  within  the  boundary  of  the 
villages.  The  roads  in  the  open  country  were  left  to  take  care  of 
themselves. 

And  so  while  the  peasant  put  in  his  time  indirectly  upon  the  roads, 
he  got  but  little  benefit  from  it. 

In  1824  this  state  of  affairs  resulted  in  a  law,  that  in  case  the  rev- 
enue of  a  commune  was  not  sufficient  to  keep  the  roads  in  good  repair 
two  days  of  labor,  and  an  additional  special  tax  for  the  roads  could 
be  required.  This  may  seem  like  going  back  to  the  old  regimen  but 
as  a  matter  of  fact  it  is  under  much  different  conditions;  where  formerly 
they  were  arbitrarily  ordered  out,  to  work,  may  be,  in  the  farther- 
most part  of  the  domain,  with  no  option  given  as  to  time  of  working 
nor  indemnity  for  loss  of  horses  if  they  were  hurt  or  died  from  expos- 
ure, now  they  are  employed  upon  that  part  of  the  road  which  is  near 
them,  and  the  good  condition  of  which  is  a  matter  of  importance  to 
them. 

They  have  also  the  option  of  paying  a  money  equivalent;  at  a 
certain  rate  per  day,  fixed  for  each  of  the  departments. 

Much  of  the  repairing  and  construction  is  done  by  piece  work  and  in 
case  of  a  certain  piece  of  work  being  assigned  to  anyone,  the}7  are  al- 
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lowed  a  considerable  length  of  time  in  which  to  do  it.  The  number  of 
days  labor  that  may  be  required,  has  in  subsequent  laws  been  increas- 
ed to  four. 

When  money  is  paid  a  reduction  of  from  40  to  50  %  is  made  upon 
the  actual  value  of  a  day's  labor  in  that  department.  But  in  spite  of 
this  fact  60  %  of  the  people  prefer  to  work  out  their  tax. 

This  labor  is  directed  and  superintended,  either  by  the  Engineers  of 
Bridg'es  and  Roads,  or  by  commissioners  appointed  by  the  prefect  of  a 
department,  as  was  previously  explained. 

The  roads  as  constructed  at  the  present  time  in  France  have  in  gen- 
eral the  following  points  in  common: 

1st.  A  McAdam  road  bed  15-21  ft.  wide,  6  inches  thick,  and  having  a 
crown  of  Vbo- 

2nd.  A  pathway  upon  either  side,  having  a  width  of  from  5Y  to 
7i',  generally  elevated  about  5"  or  6"  above  the  gutter,  in  which  case 
the  gutters  for  the  width  of  three  feet  are  paved   with  paving  stone. 

In  case  the  pathways  are  not  raised  above  the  roadway  there  are 
no  gutters  but  the  water  drains  across  the  paths  into  the  ditches  upon 
either  side. 

The  ditches  upon  either  side  have  usually  a  depth  of  1|  ft.  and  the 
same  in  width. 

In  case  the  road  has  quite  a  grade  the  ditches  are  arranged  in  cas- 
cades. When  the  road  is  upon  a  high  fill  there  is  always  placed  upon 
either  side  the  small  safety  bank,  1-i  ft.  high. 

In  1874  the  average  thickness  of  the  coating  of  the  National  Roads 
did  not  exceed  4"  (10  cm).  In  three  of  them  it  did  not  exceed  3i" 
(8  cm). 

Nevertheless  these  roads  did  excellent  service  and  show  that  for 
strength  these  thicknesses  are  sufficient. 

But  it  would  be  false  to  build  a  road  just  sufficiently  thick  to  sup- 
port the  traffic;  so  that  after  a  short  use  they  would  be  so  worn  as  to 
require  renewing  to  keep  them  from  breaking  up.  This  together  with 
the  consideration  of  a  possibility  of  not  being  able  to  work  upon  them 
though  they  might  require  it,  as  in  time  of  war,  for  example,  has  led 
to  the  adoption  of  6"  (15  cm)  as  the  average  depth. 

In  extreme  cases  however  they  have  been  made  to  a  depth  of  20" 

In  cuts,  slopes  are  45°  in  earth,  1/10  in  rock. 

The  absence  of  a  foundation  in  McAdam  roads,  which  was  a  great 
objection  urged  against  them;  as  in  consequence  of  its  absence,  they 
would  require  a  constant  maintenance,  whereas  in  the  case  of  the 
Telford  road  even  if  the  metal  was  worn  out  traffic  could  still  continue 
upon  the  foundation.  This  objection  has  been  the  one  cause  of  the 
supremacy  of  McAdam  over  Telford  roads. 

The  necessity  of  constant  care   necessitated   the   organization   of  a 
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system  for  continuous  maintenance.  And  strange  to  say  it  was  found 
more  economical  than  to  let  Telford  roads  wear  down  to  the  founda- 
tion and  then  replace  them.  This  is  not  taking  into  consideration  the 
advantage  of  having  continually  a  perfect  road  bed,  instead  of  a  worn 
out  one  for  the  greater  part  of  the  time. 

McAdam  insisted  upon  no  foundation  and  perfectly  clean  broken 
stone.     Nothing  being  added  under  the  pretext  of  binding. 

The  French  while  constructing  their  roads  without  a  foundation, 
as  McAdam  did,  were  the  first  ones  to  add  a  binder  to  fill  in  the  inter- 
stices. 

This  was  first  advocated  by  Polonceau,  who  at  first  mixed  a  tender 
rock  with  the  harder  road  metal  destined  to  take  the  wear.  Then  by 
rolling  the  softer  material  was  crushed,  making  a  compact  solid  mass. 

This  system  is  essentially  employed  today,  upon  all  roads,  with 
the  exception,  that  instead  of  using  a  tender  material,  which  requires 
crushing,  they  save  the  cost  of  crushing  by  employing  materials  al- 
ready powdered;  and  do  not  apply  the  binder  until  after  the  broken 
stone  has  been  thoroughly  compacted.  This  is  the  system  known 
today  as  macadamizing.  Though  containing  a  binder  which  McAdam 
did  not  use. 

Road  metal,  for  the  maintenance  of  the  national  roads  is  furnished 
by  contract,  contracts  being  let  to  furnish  upon  a  small  section  of  road 
all  the  material  needed  for  a  number  of  years. 

The  road  is  divided  into  quite  small  sections,  which  makes  it  possi- 
ble for  peasants  and  small  land  owners  to  take  contracts,  which  will 
g'ive  employment  to  their  teams  at  times  when  they  would  otherwise 
be  idle,  and  at  the  same  time  clear  their  land  of  stones,  if  they  happen 
to  be  of  the  right  sort.  Otherwise  certain  quarries  in  the  vicinity  are 
specified. 

All  the  material' which  thty  furnish  one  year  is  placed  on  one  side 
of  the  road,  while  that  of  the  next  year  is  placed  upon  the  opposite  side, 
thus  avoiding  confusion. 

The  material  furnished  must  be  piled  in  regularly  formed  piles, 
usually  rectangular  truncated  pyramids  with  a  base  one  and  a  half  by 
two  and  a  half  metres,  having  a  height  of  one  half  metre,  the  volume 
being  called  one  cubic  metre,  though  slightly  in  excess  of  that 
amount. 

Repairing  and  renewing  a  road  are  not  the  same  thing  in  all  cases 
with  the  French.  While  all  roads  are  subject  to  constant  repairs,  some 
are  being  constantly  renewed,  and  others  are  only  renewed  in  large 
sections,  from  time  to  time,  as  they  wear  too  thin. 

In  the  first  method  wherever  a  hole  is  to  be  repaired  an  excess  of 
new  material  is  used.  By  so  doing  the  amount  of  wear  of  road  is  being 
constantly  replenished,  so  that  the  road  never  wears  out. 
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In  the  secoud  method  no  more  than  enough  material  is  added  to 
bring  up  the  level  of  the  hole  to  that  of  the  road,  which  thus  gradually 
wears  down  below  the  miaimum  thickness  required  to  carry  the  traffic, 
and  then  in  sections  of  several  hundred  yards  in  length,  the  entire  sur- 
face is  covered  with  a  thickness  of  new  material,  to  bring  the  thickness 
up  to  the  required  amount. 

This  latter  system  gives  better  results  as  to  the  smoothness  of  the 
road,  but  the  organization  of  the  service  is  more  difficult  under  it,  re- 
quiring large  quantities  of  material  in  a  short  time,  and  the  care  of  a 
large  force  of  laborers. 

The  total  cost  of  construction  and  cost  of  maintenance  of  the  roads 
in  France  has  been  as  follows: — 

Cost  of  First  Establish-    Annual  Cost  of  Hamten- 
ment,  per  mile.  ance  and  Inspection. 

National  Roads,        .         .         .         $10,000  $230 

Departmental  Roads,   .         .         .        6,500  180 

County  Roads,  .         .         .  2,700  80 

Total  cost  of  first  establishment,  $1,300,000,000:  annual  cost  of 
maintenance  and  inspection,  $32,000,000. 

In  considering  the  comparatively  high  cost  of  the  national  roads 
you  must  take  into  consideration  the  fact  that  being  largely  construct- 
en  for  strategetic  purposes,  they  have  traversed  the  roughest  and  most 
sparsely  populated  parts  of  the  country,  and  that  the  r  widths  are 
greater. 

In  considering  the  amount  of  traffic  upon  the  national  and  depart- 
ment roads,  M.  Durant  Clay  says:     "A  saving  of  one   quarter  of  one 
cent  per  mile  in  the   cost  of  hauling  each  load  would  make   a 
annual  saving  of  $10,000,000. 

The  interest  at  5  per  cent,  upon  the  original  cost  of  these  roads 
($380,000,000),  $19,000,000,  together  with  the  annual  cost  of  mainten- 
ance, $9,000,000=$28,000,000,  say  $30,000,009.  So  that  it  would  only 
have  to  result  in  an  economy  of  hauling  of  f  of  one  cent  per  mile 
to  make  the  great  system  of  roads  a  paying  investment. 

When  you  consider  that  the  cost  of  hauling  upon  dirt  roads  even  in 
good  condition  amounts  to  about  twice  what  it  is  upon  a  McAdam 
road  in  good  condition,  you  can  decide  for  yourself  whether  this  sys- 
tem of  roads  is  worth  what  it  costs. 

TREES. 

As  far  back  as  the  middle  of  the  XVI  century,  trees  were  planted 
along  the  Royal  roads.  This  practice  has  been  more  or  less  continu- 
ously followed  since  that  time.  During  several  periods  it  was  stopped 
by  those  in  authority,  they  being  of  the  opinion  that  trees  were  more 
of  a  damage  than  a  benefit.     But  now  trees  are  planted  along  all  roads 
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having  a  width  greater  than  10  meters  (33')  at  distance  varying  from  5 
to  10  meters,  in  single  rows  upon  the  narrower  roads,  and  in  double 
rows  upon  the  wider.  Trees  cost  from  40  to  60  cents  a  piece.  They 
are  selected  from  nurseries  and  of  species  most  liable  to  thrive  in  the 
soil  and  climate  for  which  they  are  destined. 

In  resume  we  have  squads  of  five  or  six  men  each,  in  charge  of  an 
experienced  workman  as  overseer,  constantly  employed  in  repairing 
the  roads  and  keeping  them  clean.  The  overseers  reporting  to  assist- 
ant engineers,  who  are  men  with  technical  education,  they  reporting 
to  engineers  who  in  turn  report  to  the  chief  engineer. 

Three  grades  of  educated  engineers  are  over  all  the  work.  With  a 
system  of  reports  which  enable  the  chief  engineer  to  tell  exactly  the 
state  of  the  work  at  any  point. 

All  material  inspected  and  accepted  by  a  competent  engineer. 

How  different  from  the  system  in  this  country,  where  the  farmer 
when  he  gets  a  little  spare  time  in  the  middle  of  the  summer — after 
the  roads  have  gotten  hard  and  smooth,  though  not  level,  goes  out 
with  a  plough  and  under  the  supervision  of  another  farmer,  he  digs 
out  the  ditches  and  fills  up  the  road  with  the  soft  earth.  Making 
rough  and  heavy  again  the  roads,  which  had  been  bad  all  spring,  but 
were  just  getting  good.  And  where  as  at  Norwalk  it  is  possible  for 
those  in  authorit3Tto  pay  §19,000  per  mile  for  a  broken  stone  road,  cov- 
ered with  a  soil  brought  from  along  distance  by  rail,  and  which,  asmy 
informant  told  me,  would  have  been  excellent  for  raising  cabbage,  but 
which  upon  the  road  made  it  far  worse  than  it  was  before. 

Of  course  he  might  have  been  a  little  prejudiced,  as  he  had  to  pay 
a  thousand  dollars  because  the  road  ran  near  his  farm. 


DISCUSSION. 


Mr.  H.  M.  Claflen: — I  regret  that  a  previous  and  imperative  en- 
gagement takes  me  out  of  the  city  Monday  evening,  and  I  must  forego 
the  pleasure  of  listening  to  and  partaking  in  a  discussion  of  the  paper 
on  "French  Roads,"  by  Prof.  Neff. 

There  cannot  be  "Neff"  said  on  this  subject,  and  I  am  ready  to  sac- 
rifice all  the  property  of  my  wife's  relations  in  "mending  other  people's 
ways"  and  let  my  own  ways  go. 

One  of  the  largest  expenditures  of  a  nation  is  in  its  streets  and 
highways,  and  our  dear  and  native  land  has  expended  more,  and  has 
less  in  proportion  to  show  for  it  than  any  civilized  country. 

To  learn  lessons  of  wisdom  from  the  experience  of  others  in  solv- 
ing the  previous  question  is  not  in  the  category  of  the  American  tax 
payer,  and  an  "object  lesson"  introduced  and  paid  for  by  themselves  at 
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a  usually  fearful  cost  is  the  only  school  that  teaches  lessons  that  are 
remembered  and  from  which  wisdom  is  gathered. 

I  trust  the  Professor  may  find  good  soil  in  which  he  may  plant  seed 
that  will  bear  fruit,  for  much  is  to  be  learned  from  the  French  meth- 
ods of  constructing  roads,  both  to  be  adopted  and  to  be  avoided,  but  it 
seems  to  me  the  whole  subject  might  be  condensed  in  a  few  words  like 
this,  resolved,  by  the  Civil  Engineers'  Club  of  Cleveland: 

"That  good  engineering  suggests  and  demands  in  the  construction 
of  street  pavements,  that  no  material  shall  be  used  that  will  not  meet 
the  demands  of  wear  and  tear  made  upon  it  for  at  least  20  years,  and 
that  the  use  of  inappropriate  material  in  construction  of  pavements, 
is  on  a  par  with  the  use  of  poor  material  in  a  bridge,  a  building  or  any 
mechanical  device,  and  to  ask  of  a  material  a  duty  it  cannot  perform 
is  unprofessional." 

Acting  upon  this  platform,  you  would  not  see  people  petitioning 
the  authorities  to  protect  their  pavements  from  legitimate  traffic; 
permanence  would  take  the  place  of  the  short  lived,  and  the  tax  payer 
would  secure  for  his  money  expended,  very  much  larger  returns,  the 
air  of  respectability  that  well  paved  streets  give  to  a  city,  is  much  the 
same  when  compared  with  bad  work  as  that  which  comes  from  com- 
paring the  well  dressed  gentleman  to  the  beggar  in  rags. 

Mr.  Gallup: — I  would  like  to  ask  about  the  width  of  the  tire  on  the 
wheels,  are  they  different  from  ours? 

Me.  Neff: — I  do  not  think  they  differ  so  greatly.  A  large  number 
are  two-wheeled  wagons  with  tires  about  five  inche?  wide.  In  regard 
to  macadamized  roads  they  are  used  in  the  cities  instead  of  stone  pave- 
ments. If  they  use  pavements  in  the  cities  repairs  will  not  exceed 
8  %. 

Mr.  Bowler: — I  have  been  told  that  in  the  village  of  Collinwood 
they  have  filled  the  streets  with  slag  and  covered  that  over  with  clay. 
It  does  not  seem  to  me  that  that  would  be  very  economical.  I  should 
think  in  wet  weather  the  clay  would  slide  off. 

Mr.  Lander: — I  am  somewhat  interested  in  that  road  as  I  am  one 
of  the  parties  who  had  the  repairing  of  the  road,  and  was  not  aware 
any  clay  was  put  on  the  road. 

Mr.  Bowler: — Well  of  course  I  have  not  examined  the  road,  and  do 
not  know  anything  about  it  from  direct  knowledge,  but  my  informant 
was  a  resident  of  Collinwood.  This  question  of  roads  is  a  question  of 
education  and  needs  to  be  agitated  continually.  The  people  must  be 
educated  up  to  the  point  of  keeping  the  roads  in  good  shape.  They  all 
want  good  roads  but  want  some  one  else  to  pay  for  the  repairs. 

President  Gobedile: — Some  one  has  said  the  better  the  roads  the 
less  the  religion  among  the  people. 

Mr.  Bowler: — I  do  not  believe  that.     I  heard  a  man    say,   who 
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thought  he  was  very  wise,  as  he  looked  from  the  Viaduct  down  on  the 
stacks  at  Detroit  street:  "Whatwe  want  in  this  city  is  more  chimneys 
and  fewer  churches." 


WORLD'S    FAIRS. 


By   Frederick   E.    Sickels,  Member  Engineers'    Club   of   Kansas 

City. 


[Read  October  12,  1891.] 

In  attempting  to  make  a  suggestion  in  relation  to  the  World's 
Fair  to  be  held  in  Chicago,  the  writer  prefers  to  preface  it  with  some 
remarks  founded  upon  recollections  of  previous  fairs  of  the  same  gen- 
eral character. 

A  great  feature  of  international  exhibitions,  historically  considered, 
is  the  lasting  effect  which  they  produce,  and  in  this  connection  it  may 
be  well  to  consider  some  of  the  lasting  effects  produced  by  the  exhi- 
bitions which  have  been  heretofore  held. 

Beginning  with  the  exhibition  of  1851  in  London,  then  called  the 
Crystal  Palace,  the  lasting  effect  of  this  exhibition,  it  is  not  too  much 
to  say,  can  be  found  in  the  architecture  of  many  civilized  countries  of 
the  present  day.  The  building  was  made  of  iron  and  glass,  and  was 
almost  a  revelation  to  many  as  it  demonstrated  the  importance  of 
light  in  exhibiting  the  various  articles  which  it  contained.  True,  a 
building  made  of  iron  and  glass  was  old,  as  used  for  hot  houses,  but  it 
was  new  as  used  for  the  purpose  of  exhibitions  of  this  kind,  and  all  ex- 
hibitions since  have  to  a  greater  or  less  extent  copied  after  that  exhi- 
bition, and  nearly  all  important  buildings  since  erected  have  been 
modified  to  a  certain  extent:  in  that  they  have  larger  windows  admit- 
ting more  light  than  was  customary  prior  to  1851.  The  architects  of 
the  world  were  taken  to  school,  so  to  speak,  as  regards  the  value  of 
light  in  buildings,  and  this  schooling  was  of  a  peculiar  character  as  all 
visitors  to  the  Crystal  Palace  were  at  once  convinced  of  the  great 
value  of  light  to  assist  them  to  properly  see  the  different  exhibits,  and 
architects  had  to  follow  the  popular  cry  for  more  light  in  buildings  or 
loose  their  trade. 

The  antagonism  between  the  requirements  of  Greek  art  and  the  ad- 
mission of  light  into  buildings  is  such  that  the  struggle  to  obtain 
more  light  with  less  conformity  to  Greek  art  has  been  going  on  for 
several  centuries,  and  a  great  impulse  was  given  to  the  admission  of 
more  light  by  the  example  of  the  Crystal  Palace  in  1851. 

Another  noticeable,  and  perhaps  historical,  event  of  this  Exhibition 
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may  probably  be  best  described  by  stating  that  the  American  exhibit 
within  the  building  was  very  poor,  and  to  partly  compensate  for  this, 
a  number  of  enterprising  Americans  went  over  to  England  in  the  yacht 
"America"to  compete  in  the  yacht-race  for  all  nations,  and  the" Amer- 
ica" was  almost  a  wonder  to  the  English  as  compared  with  their 
best  sailing  vessels.  She  outstripped  them  all  so  greatly  that  it  was 
really  no  race,  and  she  brought  to  America  what  has  been  called  the 
"Queen's  Cup. ''  Since  that  day  the  English  have  made  strenuous  ef- 
forts to  defeat  the  American  yachts  on  this  side  and  thus  win  back  the 
cup.  The  last  attempt  was  made  by  the  "Thistle"  against  the  Boston- 
built  vessel  "Volunteer"  near  New  York  harbor  on  the  27th  of  Sep- 
tember, 1887,  and  the  struggle  which  had  been  going  on  from  1851  un- 
til that  time  was  apparently  settled  by  the  result  of  this  race  when  it 
was  conclusively  proven,  other  thing's  being  equal,  that  a  vessel  with- 
out a  center-board  could  not  compete  with  a  vessel  provided  with  one. 
It  would  be  difficult  to  say  how  much  money  was  spent  in  determining 
this  question  on  the  occasion  of  the  last  race.  Steam  yachts  came 
over  from  England  to  witness  it,  and  an  immense  fleet  of  vessels 
was  gathered  to  accompany  the  two  yachts  on  trials,  and  when  the 
"Volunteer"  came  up  into  the  wind  and  shook  out  her  jib-topsail  be- 
fore crossing  the  line  behind  the  "Thistle,"  it  was  to  be  again  deter- 
mined whether  the  Americans  or  the  British  were  masters  in  the  art 
of  building  sailing  vessels.  In  1851  the  Americans,  in  pleading  their 
case  in  regard  to  their  lack  of  interest  in  the  exhibition,  declared  that 
the  space  which  had  been  assigned  to  them  had  been  reserved  because 
they  contemplated  putting  the  yacht  "America"  into  it  so  that  the 
European  nations  might  have  a  correct  model  of  a  sailing  vessel. 
The  "America"  that  won  the  cup  in  1851  was  a  schooner-yacht  with- 
out a  center  board.  The  difference  between  her  model  and  the  model 
of  the  English  vessel  at  that  day  consisted  mainly  in  sharper  lines 
forward,  with  greater  rake  to  her  keel,  and  greater  width  aft,  above 
and  at  the  water  line.  In  other  words,  her  model  wss  superior  in  that 
it  afforded  bearing  surface  to  keep  from  upsetting  when  under  a  heavy 
press  of  canvas,  at  the  same  time  being  easily  propelled  through  the 
water.  The  result  of  the  last  contest  proved  the  Americans  to  be  yet 
ahead  in  the  art  of  making  fast  sailing  vessels,  after  forty  years  of 
trial.  As  steam  has  now  superseded  sail  upon  the  ocean,  trials  of 
sailing  vessels  are  not  of  such  world-wide  interest  as  they  were  in  1851 
but  the  trial  at  that  time  made  a  new  starting  point  for  naval  archi- 
tects. 

The  other  noticeable  event  which  was  creditable  to  the  Americans 
was  the  exhibition  of  the  American  reaping  machines,  the  McCormick 
and  others.  Although  reaping  machines  were  in  use  in  the  very  early 
part  of  the  century,  as  for  instance,  the   Bell  reaper,  yet  the   exhibi- 
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tion  of  the  reaping  machine  at  that  time  spread  the  knowledge  of  its 
value  over  the  civilized  world,  and  may  be  regarded  as  one  of  the 
hirtorical  events  of  that  exhibition. 

So  that  of  the  Exhibition  of  1851,  three  historical  events  may  be 
named;  the  building  itself,  the  yacht  "  America,"  and  the  demonstra- 
tion of  the  value  of  the  reaping  machine  by  public  trial. 

The  Exhibition  of  1853-54  in  New  York  contained  no  historical  fea- 
ture, without  tbe  writer  be  permitted  to  suggest  the  first  power  steer- 
ing-machine which  was  exhibited  by  him  in  operation  at  that  exhibi- 
tion. Since  that  time  power  steering  machines  have  come  into  use 
throughout  the  nautical  world.  The  building  was  much  after  the 
plan  of  that  of  1851,  but  smaller.  It  was  destroyed  by  fire.  "While 
it  remained  it  demonstrated  the  beneficial  effect  of  a  larg-e  amount  of 
light,  and  no  doubt  contributed  to  impress  the  lesson  of  the  exhibi- 
tion of  1851  in  that  respect.      It  was  made  mainly  of  iron  and  glass. 

The  Paris  Exhibition  of  1855,  following  so  soon  after  those  of  New 
York  and  London,  presented  no  novelty  of  historical  interest. 

The  London  Exhibition  of  1862  can  hardly  be  said  to  have  contained 
anything'  of  European  origin  which  might  to  any  considerable  extent 
be  termed  historical.  It  had  a  large  collection  of  the  products  and 
industries  of  all  nations,  with  the  exception  of  the  United  States  which 
had  not  much  standing  in  this  exhibition  because  of  the  war 
then  going  on  in  America,  and  the  few  exhibits  taken  oyer  there 
found  place  among  those  of  the  European  nations.  The  writer  had 
the  original  steam  steering  machine  (exhibited  in  the  Crystal  Palace 
and  in  '53-54)  on  exhibition  there,  but  it  was  given  place  in  the  apart- 
ment assigned  to  Belgium,  and  had  only  the  American  flag  over  it  to 
indicate  its  nationality.  It  had  between  its  first  exhibition  and  this 
time  been  put  into  practical  use,  and  on  its  second  exhibition  was 
shown  as  the  first  power  steering  machine  made  or  used'  in  the  world, 
and  no  doubt  its  exhibition  in  London  contributed  to  instruct  the  mar- 
itime nations  of  Europe  to  some  extent  in  the  value  of  the  application 
of  power  to  the  rudders  of  vessels.  The  writer  had  to  take  the  pre- 
caution of  having  it  shown  by  an  Englishman,  as  it  was  impracticable 
at  that  time  for  an  American  to  remain  with  any  of  his  exhibits  with- 
out being  constantly  harrassed  by  insulting  remarks  made  in  regard 
to  his  country,  as  it  was  then  the  common  belief  in  Europe  that  Amer- 
ica was  ruined  and  in  the  process  of  general  disintegration  and  des- 
truction, and  some  English  visitors  could  not  resist  the  temptation  to 
taunt  an  American  with  the  fact. 

There  was  in  the  Exhibition  of  1862  two  steam  engines  from  Ger- 
many. On  them  was  the  "  trip  cut  off,"  patented  by  the  writer  on 
the  20th  of  May,  1842.  The  writer  appeared  in  the  catalogue  and  was 
known  at  this  exhibition  as  the  exhibitor  of  the  first  power  steering 
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machine,  and  it  was  not  known  to  the  great  number  of  visitors  that 
he  had  anything  to  do  with  the  "cut  off"  applied  to  the  engines  from 
Germany.  He  availed  himself  of  the  fact  to  make  inquiries  and  learn 
the  opinion  of  the  various  European  engineers  in  regard  to  what  was 
termed  the  "German  cut-off."  Attendants  of  the  machine  stated  the 
"trip  cut-off"  to  be  a  recent  German  invention.  He  found  that  ex- 
hibiting engineers  and  others  regarded  these  German  engines  as  hav- 
ing a  "rattle-trap"  for  a  "cut-off,"  and  they  had  no  hesitancy  in  ex- 
pressing the  opinion  that  this  German  invention  was  entirely  worth- 
less and   wholly  unsuited   for  steam  engines. 

Upon  these  machines  the  exhibitors  had  a  card  with  the  words  "For 
Sale,"  and  the  writer  was  curious  to  know  if  they  were  sold  in  Eng- 
land at  the  close  of  the  Exhibition.  His  recollection  is  that  the  card  was 
still  there  at  the  close  and  that  the  engines  were  returned  to  Germany 
unsold,  though  as  a  matter  of  fact  they  were  the  best  land  steam  en- 
gines in  the  exhibition.  This  incident  demonstrated  the  power  of  a 
class  of  men  to  prevent  the  introduction  of  an  improvement  which 
might  effect  their  interests,  when  the  improvement,  from  the  nature 
of  the  case,  is  of  such  a  character  as  to  baffle  the  judgment  of  the  pub- 
lic as  to  its  merits,  and  the  writer  could  but  reflect  that  the  invention 
which  was  so  unanimously  condemned  by  European  engineers  had  at 
that  time  been  gradually  coming  into  use  in  America  for  twenty  years, 
and  yet  it  was  to  a  great  extent  unknown  in  Europe.  And  while  it  is 
now  in  use  throughout  the  civilized  world,  yet  for  the  first  twenty 
years  it  was  almost  unknown  outside  of  the  United  States.  No  doubt 
the  exhibition  of  these  German  engines  contributed  to  draw  the  atten- 
tion of  some  eng-ineers  to  a  slight  degree  to  the  merits  of  this  form  of 
cut-off,  bnt  the  writer  was  astonished  to  learn  that  the  opinion  of  all 
European  engineers,  so  far  as  he  could  gather,  was  decidedly  unfavor- 
able to  it  in  1862. 

There  were  other  exhibits,  but  none  of  such  novel  character  as  the 
first  power  steering  machine.  There  was  the  ammonia  ice-machine, 
substantially  the  same  as  now  used.  The  Lenor  gas-engine  was  there 
shown  as  it  is  now.  The  arc-light  with  the  means  of  adjusting  the 
electrodes  by  the  strength  of  the  current  was  also  shown  in  full  opera- 
tion. The  metallic-cartridge,  breech-loading  gun  was  there  shown 
substantially  in  all  its  perfection  of  the  present  day,  and  a  marvelous 
experience  which  the  writer  had  at  this  exhibition  was  the  training 
and  drilling  under  intelligent  officers  of  troops  in  the  parks  of  London 
close  to  the  exhibition,  using  the  old-fashioned  muzzle-loader  andram- 
rod  as  though  it  was  the  best  to  be  had,  and  all  this  at  a  time  when 
England  was  endeavoring  to  equip  her  land  troops  with  the  means  of 
greater  military  power  in  view  of  a  threatened  invasion  by  the  French. 

The  writer  at  that  time  asked  himself  the  question,  if  it  took  so 
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long  to  satisfy  military  authorities  in  regard  to  the  utility  of  the 
breeoh-loader,  how  long  would  it  take  to  satisfy  the  nautical  world  of 
the  value  of  power  as  applied  to  the  rudders  of  vessels?  Experience 
has  shown  that  it  did  not  take  so  long  from  that  time  to  do  so  as  it 
did  to  introduce  the  breech-loader  after  its  first  use  by  the  Prussians. 
It  is  within  the  writers  knowledge  that  the  Prussian  needle-gun,  a 
practical  and  efficient  breech-loader,  was  then  nearly  twenty  years 
old  and  had  been  in  service  in  the  Prussian  army  for  nearly  that  length 
of  time;  yet  European  nations  continued  the  vise  of  the  muzzle  load- 
er, changing  ends  of  the  gun  twice,  chang-ing  ends  of  the  ram-rod  twice, 
and  taking  off  and  putting  on  percussion  caps  in  loading,  the  whole 
manipulation  being  unnecessary  in  view  of  the  existence  of  the  breech- 
loader. Power  applied  to  the  rudder  of  vessels  came  into  use  more 
rapidly  after  its  first  application  than  did  the  breech-loader.  But  there 
is  an  explanation  of  the  difference  of  time  required  in  their  introduc- 
tion which  further  illustrates  the  influence  of  a  class  of  men  to  retard 
or  promote  the  introduction  of  new  and  useful  inventions.  In  the  case 
of  the  breech-loader,  its  substitution  for  the  muzzle-loader  required  a 
change  in  the  training  of  troops.  In  the  case  of  the  power  steering 
machine,  the  original  machine  was  purposely  constructed  so  as  not  to 
require  the  least  difference  in  working  the  ordinary  hand  steering 
wheel.  Any  person  qualified  to  steer  a  vessel  by  hand  could  work  the 
same  steering  wheel  with  which  he  was  acquainted  in  the  same  man- 
ner as  he  had  been  accustomed  to  work  it  without  any  additional  in- 
struction. Thus  some  of  the  prejudice  against  power  steering  ma- 
chines was  avoided. 

No  doubt  the  exhibition  of  the  breech-loader  in  1862  had  a  tendency 
to  draw  the  minds  of  the  military  men  to  their  great  importance,  and 
the  exhibition  of  the  arc-lamp,  the  ammonia  ice-machine  and  the  first 
power  steering  machine  had  some  influence  in  furthering- their  more 
rapid  introduction. 

With  the  Paris  Exposition  of  1867  the  writer  is  not  familiar,  but  he 
has  no  recollection  of  that  exhibition  containing  anything  of  histori- 
cal character,  although  it  had  an  immense  collection  of  the  products 
of  all  nations. 

In  the  Exhibition  of  Vienna  of  1873  perhaps  the  only  exhibit  of  his- 
torical importance  was  the  more  advanced  improvement  in  the  gener- 
ation of  electricity  by  means  of  the  dynamo. 

In  the  Philadelphia  Centennial  of  1876  the  telephone  was  shewn 
in  operation.  No  doubt  its  exhibition  at  that  time  greatly  tended  to 
further  its  rapid  introduction. 

The  most  prominent  feature  of  the  Centennial  to  Europeans  was 
probably  the  passenger  traffic  which  was  carried  on  by  the  locomotives 
in  the  midst  of  the  people  without  sacrifice  to  lives.      It  illustrated  to 
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the  foreigners  the  character  of  the  education  of  the  great  mass  of 
American  people  who  were  expected  to  take  care  of  themselves  when 
surrounded  by  the  dangers  of  railway  traffic;  in  Europe  the  railway 
crossings  at  grade  of  streets  would  have  to  be  provided  with  gates  and 
guards  for  the  security  of  the  people.  In  the  Centennial  grounds  a 
locomotive  was  running  around,  depending  upon  the  watchfulness  of 
the  people  to  avoid  accidents.  Nothing  more  marked  the  peculiar 
features  of  American  civilization  to  foreigners. 

The  Japanese  exhibit  in  the  Centennial  of  '76  contained  specimens 
of  art  according  to  their  rules  of  art  which  compared  favorably  with 
the  finest  specimens  exhibited,  and  their  ornamentation  has  since  been 
copied  throughout  the  United  States  to  the  extent  that  wood-work 
is  now  varnished  instead  of  being  painted,  and  in  the  resort  which  art- 
ists now  have  in  copying  some  of  the  simpler  forms  of  Nature  in  or- 
namentation. To  the  Japanese  must  be  accorded  the  credit  of  educa- 
ting- the  largest  number  of  people  in  respect  to  art. 

The  Vienna  bread  made  at  this  exhibition  was  a  great  educator  to 
the  people  of  this  country,  and  the  effect  of  this  education  can  now  be 
seen  in  the  bread  generally  produced  throughout  the  United  States. 

While  the  Paris  Exhibition  of  1889  contained  an  extensive  collec- 
tion of  exhibits,  the  only  historical  event  of  note  was  the  erection  of 
the  Eiffel  tower  which  is,  no  doubt,  an  immense  structure.  But  noth- 
ing particularly  new  or  especially  instructive  was  in  this  exhibition. 

Whatever  may  be  the  result  of  the  Chicago  Exposition,  it  is  cer- 
tainly to  be  hoped  by  every  American  that  it  will  contain  some  his- 
torical exhibit,  no  doubt  it  is  much  easier  to  suggest  that  it  should 
contain  such  an  exhibit  than  to  say  what  it  shall  be.  In  view  of 
the  difficulty  experienced  in  trying  to  change  the  habits  of  thought  of 
a  large  class  of  people  as  illustrated  by  the  foreg-oing  examples,  ex- 
cepting in  cases  appealing  directly  to  the  people  as  illustrated  by  the 
marked  educational  effect  impressed  upon  the  masses  by  the  Crystal 
Palace  building  of  1851,  it  is  desirable  in  the  historical  exhibit  of  1893 
to  have  it  of  such  a  character  as  to  directly  appeal  to  the  physical 
sense  of  the  crowd  of  visitors,  and  to  that  end  the  writer  would  sug- 
gest a  building  provided  with  means  of  maintaining  a  uniform  tem- 
perature during  the  whole  of  the  Exposition.  This  building  should 
also  be  provided  with  a  means  of  excluding  all  dust  so  that  every  visi- 
tor who  passed  through  it  should  at  once  notice  during  the  warm 
and  cold  days  that  it  was  uniformly  agreeable  without  regard  to  the 
atmospheric  changes  taking  place  on  the  outside,  and  they  would  also 
notice  that  the  air  was  pure  and  without  dust,  and  would  realize  that 
in  the  progress  of  the  arts  man  had  come  to  be  able  to  regulate  and 
maintain  the  temperature  and  purity  of  the  atmosphere  in  buildings, 
and  that  it  was   only   a  matter  of  expense  and  time  when  this  im- 
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provement  would  be  found  in   buildings    throughout    the    world. 

To  accomplish  this  result  it  is  only  necessary  to  have  recourse  to 
known  methods  of  maintaining'  uniform  temperature  in  buildings,  and 
to  make  use  of  devices  and  appliances  long  since  in  use  in  passing  the 
air  through  suitable  screens  to  exclude  the  dust.  If  any  such  attempt 
is  made  at  the  Chicago  Exposition  it  should  be  by  men  possessed  of  a 
full  knowledge  of  the  subject,  and  the  building  had  better  be  small  that 
it  may  be  done  thoroughly  and  kept  within  the  amount  which  the 
directors  of  the  exposition  may  deem  advisable  to  expend. 

This  equable  temperature  building  should  be  filled  with  exhibits 
calculated  to  draw  a  crowd  of  visitors,  and  thus  the  impression  would 
be  made  upon  a  great  number  of  people  that  it  was  practicable  to 
maintain  an  even  temperature  and  supply  air  free  from  dust  within 
a  building  crowded  with  people.  A  recording  instrument  for  the  tem- 
perature should  be  within  the  building  to  show  the  uniform  temper- 
ature while  the  outer  air  was  changing  from  day  to  day. 

It  is  only  necessary  in  carrying  out  such  a  design  to  have  the  pro- 
per mechanical  skill  and  knowledge  to  insure  perfect  success.  All  the 
different  parts  of  the  apparatus  required  to  be  used  have  only  to  be 
assembled  from  separate  examples  which  have  been  in  use  for  a  quar- 
ter of  a  century,  and  bringing  them  together  for  the  first  time  would, 
in  itself,  be  a  novel  and  interesting  feature  of  the  Exposition.  The 
impression  created  upon  the  minds  of  the  public  by  this  example  would 
be  lasting,  and  the  younger  visitors  would  be  able  to  say  in  future 
years  that  it  was  the  first  example  of  a  system  of  warming,  cooling 
and  ventilating  that  had  subsequently  come  into  extensive  use. 

Plans  used  to  accomplish  the  result  obtained  in  this  equable  tem- 
perature building  should  be  published  with  notice  that  all  patents 
used  had  expired.  An  account  of  the  whole  result  with  cost  of  plant 
and  cost  of  maintenance  should  be  given  with  any  suggestions  as  to 
faults  and  remedies  discovered  so  as  to  as  far  as  possible  properly  start 
the  effort  of  controlling  the  character  and  temperature  of  the  air  in 
buildings.     This  is  one  way  of  making  an  historical  exhibit. 

As  no  private  person  would  derive  any  special  profit  by  such  an 
effort  as  here  suggested,  it  could  only  be  fostered  by  the  managers 
of  the  Exposition  for  the  sake  of  having  at  least  one  novelty  that  all 
could  see  for  the  first  time. 

The  writer  will  mention  some  details  for  carrying  out  the  sugges- 
tion made  in  regard  to  the  equable  temperature  building.  .The  size  of 
the  building  to  be  30X120  feet,  one  story  high,  containing  a  central 
avenue  8  feet  wide  running  from  end  to  end,  the  visitors  coming-  in  at 
one  end  and  going-  out  the  other.  It  should  have  an  entrance  vesti- 
bule 30  feet  long  and  ten  feet  wide,  the  floor  of  which  should  be  cov- 
ered with  iron  matting  so  that  the  dirt   on   the  shoes  of  the  visitors 
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would  be  exposed  to  the  action  of  the  thin  vertical  web  of  the  mat- 
ting in  moving  over  it.  Through  the  floor  a  strong  downward  current  of 
air  should  be  maintained  to  carry  away  the  dust  and  other  deposits  on  the 
iron  matting,  so  that  as  the  visitors  reached  the  main  hall  they  would 
be  divested  of  all  Loose  dirt  and  dust  upon  their  clothes.  Turn-stile 
doors  should  be  used  of  large  dimensions  to  allow  easy  ingress  and 
egress  without  permitting  a  current  of  air  outwards.  These  doors 
could  revolve  in  semi -circular  enclosures  as  before  practiced  in  fitting 
up  storm  doors.  The  air  should  pass  in  at  the  sides  of  the  building 
and  out  through  the  floor,  the  floor  to  be  laid  with  a  slight  opening 
between  each  plank.  The  openings  all  around  the  sides  and  ends  of 
the  building  for  the  admission  of  air  should  be  about  eleven  feet  above' 
the  floor.  Openings  in  the  roof  should  also  be  provided  to  permit  some' 
of  the  air  to  escape  in  that  direction.  The  sash  should  be  tightly  fit- 
ted, the  object  being  to  maintain  within  the  building  a  very  slight- 
outward  pressure  of  air.  The  incoming  air  should  flow  through  pro- 
perly prepared  cloth  gradually  winding  and  unwinding  upon  rollers  so 
as  to  present  a  fresh  surface  of  cloth  while  the  other  portion  was  be- 
ing cleaned.  For  heating  the  air  it  could  be  passed  over  heating  sur- 
faces, and  for  cooling,  over  cooling  surfaces  which  could  be  either  re- 
frigerating pipes  or  ice.  Thermometers  should  be  placed  in  different 
parts  of  the  building  and  attendants  at  hand  to  watch  and  regulate 
the  supply  of  air  at  different  points  as  indicated  by  the  slight  changes 
of  the  thermometer. 

As  this  building  would  be  quite  an  attraction  for  visitors  on  un- 
pleasant days,  it  would  be  necessary  to  have  only  one  main  avenue 
so  that  visitors  would  be  obliged  to  pass  out  without  unnecessary  de- 
lay to  admit  others. 

The  secret  of  success  in  carrying  out  this  plan  would  be  in  making  am- 
ple pr6 visions  for  the  most  extreme  weather  that  would  occur  during  the 
Exposition  so  that  an  uninterrupted  success  would  follow.  |It  is  better 
to  have  a  surplus  in  a  first  trial  like  this  than  a  slight  deficiency,  and 
in  the  future  use  of  the  same  idea  no  doubt  much  less  expense  would 
be  necessary  because  it  would  be  no  longer  a  question  as  to  whether 
it  could  be  done  if  complete  success  attended  its  first  trial.  But  if  it 
fail,  however  slight  the  degree,  that  slight  failure  would  tend  to 
create  a  doubt  as  to  the  possibility  of  complete  success  and  retard  the 
introduction. 

After  such  an  exhibition  as  here  suggested,  by  which  the  merits  of 
maintaining  a  uniform  temperature  of  pure  air  in  buildings  would  be 
brought  to  the  attention  of  a  large  number  of  people,  it  may  reason- 
ably be  expected  that  further  improvements  in  the  same  line  would 
be  introduced.  It  may  be  found  desirable  to  vary  the  temperature  in 
building's  as  the  barometer,  thermometer  or  hydrometer  varies  in  the 
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open  air.  It  may  be  found  desirable  to  charge  the  purified  air  with 
the  odor  of  flowers.  As  the  presence  of  ozone  in  excess  has  been  sup- 
posed to  indicate  a  healthy  atmosphere,  the  air  may  be  charged  with 
this  form  of  oxygen.  As  the  changes  in  the  barometer  effect  invalids 
suffering  from  asthma,  rheumatism  and  other  diseases,  it  may  be 
found  desirable  to  control  the  pressure  as  well  as  the  temperature  in 
hospitals.  Many  other  additions  and  modifications  of  the  general  id  e 
after  its  exhibition  would  no  doubt  occur  to  the  crowd  of  visitors  ex" 
amining  the  first  trial  of  an  equable  temperature  building. 


"THE  LAMP,"    THE    "ELECTRIC  LIGHT  STATION    MANAGER," 
AND  THE  "CUSTOMER." 


By  E.  P.  Roberts,  Member  Civil  Engineers'  Club   of   Cleveland. 


[Read  October  13,  1891.] 
THE  LAMP, 


THE  STATION  MA'GR.  THE  CUSTOM  ER, 

It  will  be  noticed  that  my  paper  is  headed  with  a  triangle  having 
"The  Lamp"  at  the  apex  and  at  the  lower  angles,  "The  Electric 
Light  Station  Manager"  and  "The  Customer."  The  latter  term  being 
used  to  signify  the  person  who  pays  for  the  light,  whether  he  pays  for 
the  lamp  directly  or  indirectl\\ 

I  had  at  first  thought  of  heading  the  paper  with  a  figure  of  a  lamp, 
and  from  it  radiating  three  lines — marked  as  shown  in  Fig.  1.  It  has, 
possibly,  a  more  artistic  effect  than  the  device  chosen  but,  as  I  looked 
at  it,  the  idea  presented  itself  that  it  was  symbolical  of  three  forces 
pulling  in  different  directions,  and  that  such  was  too  much  the  actual 
fact.  Therefore  I  chose  a  figure  which  symbolizes  a  closed  circuit  of 
strains  and  stresses.  It  indicates  that  the  three  factors  are  mutually 
dependent,  and  none  can  exist  without  the  presence  of  the  others. 
Such  being  the  case,  it  is  certainly  wisdom  that  they  should  be   well 
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lWmp, 


Fig.  1. 


acquainted  with  each  other's 
peculiarities,  and  it  is  not  sensi- 
ble to  endeavor  to  hide  any- 
thing because  it  is  short  of 
perfection.  If  it  be  attempted , 
the  fall  from  an  unwarranted 
elevation  may  bring  utter  ruin, 
whereas,  if  the  failings  are  ac- 
cepted, because  of  the  great 
benefits  otherwise  unobtaina- 
ble, there  is  no  fall,  as  the  ar- 
ticle is  already  on  the  proper 
level. 

First — We  will  enquire  as  to 
what  is  desired  by  each  of  the 
three  factors. 

Second — We  will  investigate 
as  to  how  nearly  the  desires 
can  be  satisfied. 

As  any  one  who  studies  me- 
chanism is  sure — if  he  really 
be  a  mechanician — to  give  the 
product  of  his  brain  a  personality,  we  will  speak  of  the  lamp  as 
though  it  had  desires  of  its  own  which,  when  allowed  to  govern, 
enable  it  to  do  it's  life  work  as  intended  by  its  creator  but,  when 
over-ruled,  disaster  follows.  This  being  the  case,  "The  Lamp"  desires 
to  be  understood. 

"The  Customer"  wants  a  lamp  which  will  consume  little  energy, 
(provided  the  energy  is  metered,  as  eventually  it  always  will  be);  will 
maintain  its  original  candle  power  at  constant  voltage  during  its  life; 
and  will  have  a  long  life.  If  he  pay  for  lamp  renewals  he  wants  a 
cheap  lamp. 

The  Electric  Light  Station  Manager  wants  a  lamp  which  will  have 
the  characteristics  above  mentioned,  and  which  will  never  be  broken, 
either  in  transit  to  the  Electric  Light  Co.  or  in  transit  from  the  same 
to  the  customer;  all,  apparently,  a  matter  of  "transit"  to  some  man- 
agers, when  making  claims  against  the  lamp,  whether  it  be  carried  in 
a  lineman's  pocket  or  otherwise;  also  that  will  stand  screwing  into  a 
socket  by  means  of  a  pipe  tongs. 

To  what  extent  does  the  lamp  of  the  present  day  fulfill  the  above 
modest  desires? 

It  is  not  necessary  to  tell  you  what  a  glorious  thing  an  incandes- 
cent electric  lamp  is,  no**  is  it  advisable  to  go  into  its  history;  as  to 
the  first,  its  advantages  are  well  understood;  as  to  the  second,  recent 
patent  litigation  has  furnished  a  mass  from  which  any  one  can  take 
his  choice,  or  can  therefrom  deduce  a  new  history  of  his  own. 
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Therefore  taking  it  as  granted  that  the  superiority  of  the  incandes- 
cent electric  lamp  over  all  other  methods  of  artificial  illumination  of 
interiors  is  well  understood,  we  will  examine  the  lamp  in  detail  to  the 
extent  necessary  to  furnish  the  character  of  information  desired  by 
intelligent  customers.  How  a  lamp  is  made  he  cares  not,  provided 
the  results  are  g-ood. 
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Plate   I. 


At  the  present  time  lamps  are  made  with  much  higher  initial  effi- 
ciency, average  efficiency  and  life,  than  those  made  a  few  years  ago. 
The  price  is  also  one-half,  or  less.  The  mechanical  finish  and  general 
proportions  are  usually  excellent,  and  the  breakage  in  transit  small. 
With  reference  to  the  last  item,  it  is  a  curious  fact  that  the  shippers 
of  bulbs  to  the  lamp  manufacturers,  in  common  with  all  glass  makers, 
state  to  the  lamp  company  superintendent  that  he  must  expect  a 
breakage  of  5  %  in  transit,  and  that  anything  less  is  fortunate.  For 
anything  more  they  blame  the  railway  company.     On  the  other  hand, 
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the  customer  of  the  finished  lamp  expects,  or  rather  claims  as  a  right, 
"no  breakage"  and  also  objects  to  weight  of  package.     To  the  man  in 
between  it  seems,  let  us  say,   curious.     Even   with  all  the  improve- 
ments, lamps  are  not  yet 

16;5° 

perfect.  They  still  con- 
sume energy — they  will 
give  out  in  time — they 
will  not  maintain  their 
candle  power  at  original 
voltage  during  life — and 
they  can  be  broken  by 
very  rough   handling. 

First — With  reference 
to  the  candle  power  of  a 
lamp.       Evidently  it  is 
not  the  same   at  all  an- 
gles, but  for  commercial 
comparison  it,is,  in  most 
cases,  quite  sufficient  to 
take  the  mean  horizontal 
candle  power.     This  is  obtained  by  measuring  the   C.  P.   around  the 
horizon  and  taking  the  mean.    For  the  lamp  plotted  in  Plate  1  the   re- 
lation of  C.  P.  to  position  is  as  shown  in  Fig.  2,  the  point  at  which  it 
,01  .  gave    16   C.  P.    being 

45°,  and  the  C.  P.  at 
0°  and  90°,  being  as 
shown,  and  the  plane 
of  the  filament  being 
indicated  by  the  small 
black  circles.  The 
voltage  necessary  to 
give  16  C.  P.  at  other 
points  is  shown  in 
Fig.  3. 

Curve  "a"  of  plate 
1  shows  the  relation 
of  P.  P.  to  voltage 
for  a  102  V.  16  C.  P. 
lamp,  and  curves  <{b" 
and  "c"  the  relation 
of  C.  P.  and  watts  to  voltage,  and  therefore  C.  P.  for  the  same  lamp. 
Plate  II  "a",  "b"  and  "c"  are  similar  curves  for  a  51  V.  16  C.  P.  lamp. 
(At  this  point  the  lecturer  operated  a  50  V.  16  C.  P.  lamp  at  the  va- 
rious voltages  shown  in  the  curve,  stating  the   C.  P.    corresponding 
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thereto.  At  92  volts  and  320  C.  P.  it  ran  for  over  half  an  hour  with- 
out blackening.  The  lecturer,  however,  stated  that  such  remarkable 
results  could  not  be  guaranteed.)     Evidently   a   lamp   can  be  made 
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which  will  not  consume  much  energy  per  C.  P.  Why  are  not  the 
best  results  above  shown,  obtained  in  practice?  Because  the  life  is 
shortened. 

Plate  III  shows  the  effect  of  various  voltages  upon  the  life  of  a  100 
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V.  16  C.  P.  lamp.  This  curve  is  plot- 
ted from  figures  given  in  a  pamphlet 
issued  by  the  Edison  Co.  According 
to  the  curve,  a  lamp  lasting  1,000 
hours  at  100  volts  will  last  a  greater 
or  less  time  at  other  voltages  to  the 
extent  indicated.  It  is  the  result 
claimed  to  have  been  obtained  by 
burning  many  hundreds  of  lamps  in 
the  laboratory,  with  the  greatest 
care  to  keep  the  conditions  constant. 
The  tests  were  made  some  time  ago, 
and  lamps  have  improved  since 
then — on  the  other  hand,  lamps  are 
now  operated  ab  a  higher  initial  effi- 
ciency than  formerly,  and  therefore 
the  results  are  probably  not  far  from 
being  correct.  Accepting  such  as  a 
.  fact,  and  I  am  sure  that  the  impor- 
1  tance  of  maintaining  a  constant  vol- 
]  tage — if  life  is  desired — will  make 
3  itself  very  evident  by  a  study  of  the 
curve.  A  lamp  at  100  V.,  which 
would  last  one  thousand  hours,  if  at 
102  V.  will  last  only  600  hours  and 
at  106  V-  only  233  hours.  Regula- 
tion within  3  %  at  all  times  is  much 
better  than  the  average. 

Plate  IV  gives  the  comparative 
life  of  lamps  designed  to  operate  at 
different  initial  efficiencies.  This 
curve  Plate  IV  is  taken  from  a  pa- 
per entitled  "Maximum  Efficiency  of 
Incandescent  Lamps"  by  John  W. 
Howell  and  read  April  14th  1888,  be- 
fore the  American  Institute  of  Elec- 
trical Engineers.  Mr.  Howell  is  well 
known  as  an  authority  on  the  In- 
candescent Electric  Lamp  and,  in 
the  above  article,  he  shows  that 
-*»■<-<  the  maximum  economy  in   station 

operation  is  reached  when  the  lamp  costs  15  %  of  the  operating  ex- 
penses. According  to  his  figures  when  the  lamp  bill  is  more,  less  effi- 
cient lamps  should  be  used;  when  less,  a  more  efficient  lamp,  having 
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shorter  life,  will  give  the  minimum  total  cost  of  operation.  Of 
course  when  customers  buy  their  own  lamps,  the  more  efficient 
the  lamp  the  better  for  the  produce  for  current;  evidently  so  if  on 
a  "per  lamp"  contract  basis  and  just  as  truly  so  if  on  a  meter  basis. 

The  next  point  to  consider  is  the  average  efficiency  of  the  lamp,  in 
other  words,  "How  much  does  the  lamp  drop  off  when  in  use?'* 

Mr.  Wm.  H.  Peirce  read  a  paper  before  the  American  Society  of 
Electrical  Engineers,  June  8,  1889,  upon  this  subject.     From  his  experi- 

Curv.e  showing  lives  of  equally  good  lamps, 
burned  at  different  efficiencies. 
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Plate  IV. 

ments,  which  were  unfortunately  with  too  few  lamps  to  be  more  than 
indicative,  he  concluded  that  the  lamps  which  he  obtained  showed  very 
considerably  higher  average  efficiency  when  made  of  low  initial  effi- 
ciency. In  other  words,  that  the  average  "C.  P."  per  watt  of  the 
lamp  with  low  was  greater  than  for  lamps  of  high  initial  efficiency. 
Lamps  have  improved  since  his  tests  were  made  but  the  general  fact 
remains  as  then.  However  there  is  a  demand,  and  it  is  a  legitimate 
one,  for  lamps  of  higher  initial  efficiency  than  4  Watts  per  C.  P. ;  which 
has  been  a  very  common  actual  initial  efficiency  for  all  C.  P.  lamps  in 
recent  times;  and  lamps  are  now  made  of  from  3.1  to  3.75  Watts  per  C. 
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P.  for  16  C.  P.  lamps.  Which  limit  it  is  advisable  to  approach,  the 
lamps  in  either  case  being  equally  well  made,  depends  upon  the  cost  of 
power  and  the  cost  of  the  lamp.  As  the  price  of  the  lamp  drops  it  is, 
evidently,  economy  to  use  a  more  efficient  lamp  even  at  the  expense  of 
life,  provided  it  is  not  carried  to  such  an  extent  as  to  make  renewals 
an  annoyance  although  theoretically  the  greatest  economy  is  thereby 
obtained.  Practical  considerations  must  not  be  lost  sight  of  when 
following  deductions  from  theory,  or  from  the  Ledger,  or  deductions 
from  the  receipts  will  result. 

A  table  was  then  shown  giving  the  results  obtained  by  operating 
some  experimental  16  C.  P.  lamps  at  the  voltage  at  which  they  origi- 
nally gave  32  C.  P.  The  drop  in  C.  P.  at  the  original  voltage  and  the 
increase  of  voltage  necessary  to  give  the  original  C.  P.  was  shown, 
and  the  increase  of  "R"  was  noted.  Also  the  fact  that  with  lamps 
of  the  same  initial  efficiency  the  shortest  life  lamp  would  sometimes 
have  a  higher  C.  P.  after  250  hours  of  life  then  one  which  gave  out  at 
possibly  500  or  1,000  hours.  The  figures  were  from  experimental  lamps 
under  abnormal  strain  (16  C.  P.  operating  it  32  C.  P.  and  were  not 
submitted  for  publication.) 

The  term  "efficiency"  has  been  used  in  the  preceding  paragraphs 
in  its  usual  signification  in  lamp  work,  that  is  as  expressing  the  rela- 
tion between  energy  furnished  the  lamp  and  the  amount  of  light  emit- 
ted which  would  appear  to  be  equivalent  to  a  certain  number  of  stand- 
ard candles  when  measured  in  the  ordinary  forms  of  photometer.  The 
real  efficiency  of  a  source  of  light  is  the  relation  between  the  energy 
consumed  by  the  lamp  and  that  given  out  as  light.  The  last  factor 
is  determined  by  measuring  the  energy  given  out  as  heat,  the 
difference  between  such  amount  and  the  total  energy  furnished 
is  light  and  amounts  to  from  3  %  to  7  %  according  to  the  degree  of  in- 
candescence. This  portion  of  the  study  of  the  lamps  is  very  inter- 
esting- but  it  is  aside  from  the  topic  of  this  evening.  Prof.  E.  L 
Nichols  has  done  much  to  help  the  Electrical  Engineer  in  this  line,  as  in 
others,  and  most  of  his  work  has  appeared  in  the  Transactions  of  the 
American  Institute  of  Electrical  Engineers,  and  in  the  technical  papers 
of  even  date.  His  paper  on  "The  Efficiency  of  Methods  of  Artificial 
Illumination,"  March  12,  1889,  is  especially  valuable  in  this  considera- 
tion. 

It  has  now  been  shown  that  an  Incandescent  Lamp  has  some 
properties  the  study  of  which  may  well  tax  the  brain  of  a  manufac- 
turer. No  engineer  will  wonder  at  this  when  he  recollects  that  the 
principal  element  in  an  Incandescent  Electric  Lamp  is  carbon.  The 
mere  mention  of  carbon  brings  to  mind  materials  of  varied  character 
wherein  carbon  is  either  the  controlling-  element;  as  in  soft  iron,  hard 
steel;  or  wherein  carbon  by  itself  exhibits  most  surprisingly  different 
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characteristics.  The  study  of  carbon  is  a  life-long  study  worthy  of 
men  of  the  greatest  intellect  and  the  incandescent  lamp  manufacturer 
has  an  opportunity  to  become  acquainted  with  the  element  in  some 
very  trying  moods,  sometimes  it  is  only  a  speaking  acquaintanceship, 
sometimes  it  is  not  even  that,  the  peculiar  phase  hinted  at  is  so 
elusive.     At  other  times  speaking  hardly  "fills  the  bill." 

In  addition  to  the  qualities  above  mentioned  the  carbon  must  be 
strong  to  withstand  the  jars  of  shipment.  The  glass  must  be  clear 
and  tough  and  must  not  crack,  and  the  cap  must  not  work  loose. 

One  point  has  been  left  to  the  last.  It  is  cost.  It  is  getting  to 
be  more  and  more  the  custom  for  the  user  of  the  energy  to  supply  his 
own  lamps,  the  electric  light  station  merely  furnishing  energy  and 
charging  by  meter.  This  is  as  it  should  be.  The  cost  may 
be  considered  either  as  the  cost  per  lamp  of  the  standard  desired, 
usually  16  C.  P.,  or  may  be  taken  as  the  cost  per  C.  P.  Higher 
candle  power  not  costing  proportionately  more  for  lamps  and, 
up  to  50  C.  P.,  usually  no  more  for  fittings.  Of  course  extra 
for  wire  and  fuse  fittings  of  greater  capacity.  In  any  case  the 
cheaper  the  lamp  the  better  for  the  consumer  and  for  the  station 
manager.  The  less  the  total  outlay  for  the  purpose  of  obtaining  light 
the  more  freely  it  will  be  used.  The  electric  light  station  manager 
should  do  the  same  as  the  gas  company  does,  bring  the  supply  to  the 
premises  of  the  consumer,  install,  after  being  protected  by  a  deposit,  a 
meter,  then  furnish  current  and  do  nothing  more.  Everyone,  except 
the  stockholders,  considers  a  corporation  furnishing  light  as  a 
band  of  robbers,  and,  for  the  company's  sake,  the  less  it  has  to  do  with 
wiring,  furnishing  lamps,  etc.,  beyond  inspection,  the  better.  The  day 
when  such  a  course  is  generally  practicable  has  not  arrived  but  is,  I 
believe,  coming. 

A  resume  is  as  follows: — 

f^i-T^ri  f     The  inter-relations  of 

Long  Lived.  fc,  factors    hein°-   de- 

The  lamp  should  be  j  Cheap.  j  ptdent    upo^  cost    of 

L Mechanically  Perfect.  ^Power- 

I  know  what  he  wants. 
The  Electric  Light  Station  Manager  should  ■<  get  what  he  needs. 

(  use  it  as  designed. 

f     Understand  that  a  lamp  will  not  last  for- 

j  ever  or  hold  up  its  candle  power  any  more 
mU  n  ,  m  v,  ,-,  than  a  gas  burner  will.  Therefore  take  break- 
The   Customer  should^  age  an# deterioration  of  lamp  as  an  evil  inci- 

|  dent  to,  although  overshadowed  by,  the  great 

^attendant  benefits. 

Appendix.     As  it  is  often  desirable  to  know  how  much  "i2"  to  in- 
sert in  series  with  an  incandescent  lamp  in  order  to   bring  it  to  a 
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desired  C.  P.  it  may  be  of  assistance  to  show  how  to  calculate  such 
amount. 

By  looking  at  Plate  1  and  II  the  voltage  for  any  C.  P.  for  a  50  or 
100  volt,  16  C.  P.  lamp  can  be  obtained  and  also   the   current   taken. 

Then  insert  the  data  in  the  formula  for  Ohms  law:i?=  -_  and  the  R  is 

obtained  and  by  referring  to  tables  of  carrying  capacity  the  proper  size 
of  wire  is  chosen, 

For  example- A  bank  of  20,  100  V.  16  C.  P.  lamps  to  be  reduced  to 
6  C.  P.  each. 

Voltage  for  6  C.  P.  =  87. 

Loss  =  13  Volts. 

"C"  for  6  C.  P.,  49X20=9.8  Amperes. 

Therefore  "R''=13/9.8=1.S  Ohms. 

j  Iron  wire,  wood  frames=.092  Mills  D.,  and  119'  long. 
Using*  >  Iron  wire,  iron  frames=.080  Mills  D. ,  and  90'  long. 
)  German  silver  =.102,  and  80'  long. 

After  the  paper  an  exhibition  of  special  lamps  of  from  4  to  100  C. 
P.  and  focussing  lamps  was  made.  A  little  experiment  which  excited 
considerable  amusement  and  interest  was  showing  how  to  bjow  out  an 
"Incandescent  Lamp." 

A  small  fan  motor  was  run  in  series  with  a  lamp  and  the  lamp 
placed  opposite  the  fan  and  the  motor  short  circuited,  the  lamp  burning 
brightly,  upon  throwing  in  the  motor  the  lamp  was  cut  down  to  an 
almost  invisible  red. 


DISCUSSION. 


Mr.  Wason: — I  would  like  to  ask  what  success  you  have  had  in 
lighting  street  cars. 

Mr.  Roberts: — We  have  had  success  with  all  progressive  lines.  We 
have  not  yet  lighted  the  East  Cleveland  lines  (laughter.)  The  lamp 
for  street  railway  work  has  a  tied  filament  in  it,  as  shown  in  this  lamp 
(pointing  to  a  lamp  on  sample  rack.)  This  is  a  lamp  of  50  c.  p.  for 
lantern  purposes. 

Mr.  Barber: — There  is  one  curve  which  Mr.  Roberts  has  not  shown, 
which  I  would  like  to  see,  i.  e.,  taking  ac.  p.  lamp  on  a  constant  po- 
tential current,  and  constructing  a  curve  showing  the  changes  in  the 
c.  p.  during  life.     I  would  like  to  know  the  shape  of  such  a  curve. 

Mr.  Roberts: — The  figures  given  and  curves  platted  referring  to 
this  point,  show  changes  due  to  abnormal  strains.  This  is  a  16  c.  p. 
lamp  at  32  c.  p.  It  is  not  advisable  to  show  actual  figures  because 
agents  of  lamps  other  than  this  one  would  advertise  that  their  lamps 

*Herrick,  Electrical  World,  April  5,  1890. 
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did  not  do  "so  and  so."    Agents  are  very  unscrupulous  in  such  mat- 
ters. 

This  matter  has  lately  been  well  exemplified  by  one  company  which 
quotes  a  statement  of  an  electrician  of  another  company  right  in  the 
line  of  the  answer  to  the  above.  Often  curves  of  this  kind  drop  sud- 
denly and  then  maintain  a  nearly  horizontal  line  until  it  breaks. 
Others  have  the  first  drop  given  before  shipment.  Some  drop  grad- 
ually, and  continue  to  drop  until  they  manage  to  get  such  a  high  re- 
sistance, that  a  long,  and  generally  unhonored,  old  age  results.  The 
ideal  should  be  a  horizontal  line  during  life,  be  it  long  or  short,  and 
we  are  coming  nearer  and  nearer  to  it. 

Mr.  Barber: — There  is  another  curve  that  might  be  made,  showing 
the  number  of  watts  taken  on  a  constant  potential  current,  until  the 
lamp  dies. 

Mr.  Roberts: — The  figures  I  have  given  show  an  increase  of  resist- 
ance up  to  about  10  %.  Mr.  Pierce  in  his  paper  shows  an  average  c.  p. 
during  life  of  about  75%,  lamps  have  improved  since  that  time. 

Mr.  Barber; — I  see  that  some  manufacturers  claim  that  their  lamps 
do  not  blacken.  I  would  like  to  know  if  there  is  a  difference  in  lamps 
of  different  makes  as  to  blackening.  Can  a  lamp  be  made  that  will 
not  blacken? 

Mr.  Roberts: — That  depends  largely  upon  the  material  from  which 
the  carbon  is  made,  and  its  treatment  before  and  after  reaching  the 
pump.  "We,  in  common  with  all  manufacturers  probably,  can  show 
lamps  which  burned  two  or  three  thousand  hours,  and  without  ser- 
ious blackening.  Sometimes  remarkable  results  are  obtained  and  the 
average  is  daily  increasing. 
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PROCEEDINOS. 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


354th  meeting.  November  18,  1891.  The  club  met  at  8  p.  m.  at  the 
club  rooms,  President  Burnet  in  the  chair  and  thirty-five  members  and 
two  visitors  present.  The  minutes  of  the  353d  meeting  were  read  and 
approved. 

The  executive  committee  reported  the  doings  of  its  118th  meeting. 

Col.  Meier  presented  a  letter  from  the  treasurer  of  the  General  Commit- 
tee of  Engineering  Societies  the  Columbian  Exposition,  which  was  referred 
to  the  executive  committee. 

Mr.  Lawrence  P.  Butler  was  elected  a  member  of  the  club. 

A  committee  was  appointed,  consisting  of  all  the  ex -presidents  who 
were  present,  to  nominate  officers  for  1892.  The  names  were  as  follows: 
Prof.  C.  M.  Woodward,  R.  E.  McMath,  M.  L.  Holman,  Col.  E.  D.  Meier, 
Prof.  P.  E.  Nipher. 

President  Burnet  opened  the  discussion  on  the  subject  set  for  the  even- 
ing—"The  New  Boulevard  System  of  St.  Louis."  Mr.  Burnet  explained 
the  law  under  which  the  boulevards  were  to  be  opened  and  maintained. 
The  principal  difference  between  a  boulevard  and  an  ordinary  street  came 
from  the  restrictions  in  regard  to  heavy  traffic,  stores  and  the  building 
line.  The  expense  of  the  care  of  the  boulevards  was  to  be  borne  by  the 
adjacent  property.  The  opposition  so  far  came  principally  from  the 
property  owners  who  were  not  on  the  proposed  boulevards.  Mr.  Burnet 
had  prepared  a  large  city  map  to  illustrate  the  system,  the  streets  to  be 
used  being  marked  with  black  worsted.  About  seventy  miles  were  so 
marked,  but  it  was  doubtful  how  much  would  be  used. 

Full  discussion  followed  by  Messrs.  Woodward,  McMath,  Flad,  Wheeler 
Moore,  Meier,  Johnson,  Bouton,  Ferguson,  Ockerson,  Adams,  Holman, 
Brauer,  Russell,  Macklind,  Chaphe  and  Crosby. 

Adjourned.  Aethuk  Thachek,  Secretary. 


356th  Meeting,  December  16,  1891:— The  Club  met  at  8  p.  m.  at  the 
club  rooms,  President  Burnet  in  the  chair  and  thirty-six  members  and 
three  visitors  present.  The  minutes  of  the  355th  meeting  were  read  and 
approved. 

The  executive  committee  reported  the  doings  of  their  120th  meeting, 
and  announced  the  result  of  the  ballot  for  officers  for  1892: 

President — J.  B.  Johnson. 

Vice-president— B.  L.  Crosby. 

Secretary— Arthur  Thacher. 

Treasurer — Chas.  W.  Melcher. 

Librarian— R.  E.  McMath. 

Directors — George  Burnet  and  B.  H.  Colby. 

Board  of  Managers  Association  of  Engineering  Societies— J.  B.  John- 
son and  J.  A.  Laird. 
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President  Burnet  called  on  Mr.  Russell  and  Mr.  Bryan  to  escort  the 
newly-elected  president  to  the  chair.  President  Johnson,  after  a  few  re- 
marks, called  on  the  retiring  president  for  an  address.  Mr.  Burnet  then 
read  a  short  paper  on  the  subject  of  "Roads."  This  paper  pointed  out  the 
necessity  of  improving  the  roads  of  the  country,  and  suggested  the  best 
means  for  securing  such  a  result.  Mr.  Burnet  requested  that  the  paper 
be  freely  discussed  by  the  club,  and  on  the  suggestion  of  the  president  the 
subject  was  made  a  special  order  for  discussion  at  the  next  meeting,  Jan- 
uary 6th. 

Mr.  Frank  S.  Mitchell  was  proposed  for  membership. 

On  motion  the  secretary  was  instructed  to  announce  that  at  the  next 
meeting  the  question  of  a  change  from  Wednesday  as  the  day  for  holding 
the  regular  meetings  would  be  brought  up  for  discussion  and  action. 

Prof.  Woods  then  read  the  paper  of  the  evening,  on  "Some  Graphical 
Illustrations  of  the  Relation  Between  Speed  and  the  Weight  of  Recipro- 
cating Parts  in  Steam  Engines,  Particularly  in  Locomotives."  A  number 
of  diagrams  were  shown,  illustrating  their  relation  and  the  effect  of  vary- 
ing speeds.  An  interesting  discussion  followed  in  regard  to  the  design  of 
the  present  side-bar  and  other  parts  of  the  locomotive,  participated  in  by 
Messrs.  Hermann,  Bryan,  Woods,  Johnson.  McNulty,  Crosby  and  Farn- 
ham.    Adjourned.  Arthur  Teacher,  Secretary. 


357th  meeting.  January  6,  1892.  The  club  met  at  8  p.  m.  at  the 
club  rooms,  President  Johnson  in  the  chair  and  twenty  six  members  and 
one  visitor  present.  The  minutes  of  the  356th  meeting  were  read  and  ap- 
proved. The  executive  committee  reported  the  doings  of  their  122d  meet- 
ing. 

Mr.  Frank  S,  Mitchell  was  elected  a  member  of  the  club, 

Mr.  F.  W.  Raeder  and  Mr.  J.  P.  Sneddon  were  proposed  for  member- 
ship. 

The  by-laws  were  amended  as  follows;  Sec.  2,  the  sentenee  following 
the  words  "six  dollars"  was  taken  out  and  the  following  substituted, 
"Members  elected  during  the  year  shall  be  assessed  by  the  executive 
committee  a  proportional  part  of  the  dues  for  that  year.  In  Sec.  7  the 
word  "annual"  in  the  last  two  sentences  was  dropped. 

The  following  motion  was  adopted;  "Resolved,  that  a  vote  of  tbe  club 
be  taken  on  choice  of  night  of  meeting  by  sending  a  slip  to  each  member 
on  which  he  can  state  what  night  is  his  choice  for  meeting  and  also  what 
night  or  nights  he  cannot  attend." 

Mr.  Burnet  opened  the  discussion  of  the  evening  on  Roads  and  Road 
Laws,  Messrs.  McMath,  Pitzman,  Farnbam,  Meier,  Moore  and  Johnson 
following  with  interesting  and  valuable  suggestions  on  the  subject.  There 
was  no  question  as  to  the  importance  of  the  subject  and  the  desirability  of 
trying  to  improve  the  present  condition  of  affairs.  The  only  point  was  as 
to  the  manner  of  securing  the  best  results  and  what  laws  couid  be  passed. 
The  following  committee  was  appointed  to  consider  the  question  and  re- 
port to  the  club:  George  Burnet,  Julius  Pitzman,  R.  E.  McMath,  Robert 
Moore,  M.  L.  Holman. 

Col.  Meier  reported  that  the  Eads  Monument  Committee  had  made 
good  progress  and  had  been  very  successful  in  obtaining  subscriptions  in 
this  country  and  Europe,  and  that  they  were  now  ready  to  push  the  work 
for  local  subscriptions. 
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For  the  next  meeting,  January  20,  the  following  paper  was  announced: 
"An  Inclined  Cable  Railway  for  Transferring  Freight  Cars  between  the 
Upper  and  Lower  Yards  of  the  Western  Cable  Railway  Company,"  by 
Edward  Flad. 

Adjourned.  Arthur  Thacher,  Secretary. 


MONTANA  SOCIETY  OF  CIVIL  ENGINEERS. 


December  19,  1891:— The  monthly  meeting  was  held  at  8  P.  M.  at  the 
office  of  Messrs.  Sizer&  Keerl.    Mr.  W.  A.  Haven  in  the  chair. 

The  following  members  were  present:  McRae,  Farmer,  F.  J.  Smith, 
Sizer,  Foss,  Herron  and  Keerl. 

Minutes  of  previous  meeting  read  and  approved. 

Mr.  W.  A.  Haven,  chairman  of  committee  on  State  Engineer  made 
a  progress  report. 

On  motion,  carried,  the  chair  named  Messrs.  McRae,  Farmer,  and  F. 
J.  Smith,  as  the  committee  to  nominate  officers  for  the  ensuing  year. 

Discussion  was  had  upon  the  features  which  should  enter  into  the  next 
annual  meeting.  On  motion,  carried,  the  following  Committee  of  Ar- 
rangements for  the  annual  meeting  was  named  by  the  chair,  and  directed' 
to  perfect  and  carry  out  a  programme  without  making  a  preliminary  re- 
port:    Messrs.  Herron,  Wilson,  Keerl,  Sizer  and  Rolfe. 

Communications  from  the  General  Committee  of  Engineering  Socie- 
ties, Columbian  Exposition,  were  read  and  the  question  of  making  an  as- 
sessment to  meet  the  amount  charged  this  Society,  was  discussed  and  fin- 
ally referred  to  the  annual  meeting  for  action. 

The  resignations  of  Asher  Dole  and  Wm.  Danforth,  Jr.,  were  accepted. 
The  Secretary  was  authorized  to  draw  an  order  returning  to  the  Exec- 
utor of  Franklin  E.  Worcester,  the  initiatiou  fee  paid  by  Mr.   Worcester 
shortly  before  his  death. 

A  communication  from  Mr.  Benezette  Williams,  Chairman,  Board  of 
Managers,  Association  of  Engineering  Societies,  was  read,  relative  to  the 
application  for  membership  in  the  Association,  made  by  the  Scandinavian 
Engineering  Society  of  Chicago.  The  question  was  discussed  and  finally 
referred  to  a  committee  of  inquiry,  with  instructions  to  report  to  the  Soci- 
ety's member  of  the  Board  of  Managers,  Mr.  Keerl. 

The  death  of  Robert  J.  Walker,  a  member  of  the  Society  was  an- 
nounced, and  on  motion,  carried,  Messrs.  Reeder  and  McRae  were  ap- 
pointed a  committee  to  draft  suitable  resolutions  and  to  forward  the  same 
to  the  relatives  of  the  deceased. 

A  circular  letter  of  Dec.  12,  1891,  was  read  from  Senator  T.  C.  Power, 
setting  forth  the  features  of  an  endeavor  which  he  is  making,  looking  to 
securing  better  and  more  comprehensive  surveys  of  the  public  lands  and 
such  as  will  also  embody  elevations  giving  fuller  and  more  accurate  topo- 
graphy than  that  heretofore  secured.  The  writer  requested  the  Society's 
endorsement  of  the  measure. 

Following  a-discussion  of  thesubject,  the  general  plan  proposed  by  Sen- 
ator Power  was  endorsed,  and  the  Secretary  instructed  to  assure  him  of 
the  Society's  assistance  in  furthering  the  cause. 

A  committee  consisting  of  Messrs.  Foss,  Keerl,  and  Smith,  was  ap- 
pointed to  take  up  the  study  of  the  question  in  detail,  and  to  report  to  the 
annual  meeting. 
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The  Secretary  was  directed  to  notify  the  Surveyor  General  for  Mon- 
tana, of  the  Society's  action  upon  Senator  Power's  communication. 

Mr.  Finlay  McRae  was  requested  to  write  a  paper  relative  to  the  re- 
quirements of  the  General  Land  Office  in  the  matter  of  running  separate 
connection  lines  for  mineral  land  surveys. 

On  motion  adjourned.  J.  S.  Keerl,  Secretary. 


THE  CIVIL  ENGINEERS'  CLUB  OF  CLEVELAND, 


November  4,  1891: — The  committee  on  visiting  day  selected  this  date 
and  arranged  the  following: 

PROGRAMME.    (City  Time.) 

Assemble  at  Forest  City  House 6.15  P.  M. 

Enter  dining  room  at 6.30  "    " 

Leave  Forest  City  House 7.20  "    " 

And  board  train  of  Broadway  and  Newburgh  St.  R.  R. 
which  will  be  waiting  on  the  spur  north  of  the  .ma,st 

on  the  Square.    Train  will  leave  Square  at 7.30  P.  M. 

And  will  leave  Power  House  at 8.30  "    " 

Returning,  train  will  leave  Rolling  Mill  for  the  Square 

at 10.00  "  " 

The  evening  was  cloudy  with  an  occasional  sprinkle  of  rain,  but  not 
enough  to  interfere  with  the  programme  which  was  strictly  carried  out, 
and  all  were  highly  pleased  with  the  evening's  entertainment. 

A.  H.  Porter,  Secretary. 


November  10,  1891:— Club  met  at  8  o'clock  P.  M.  with  President  Go- 
beille  in  the  chair,  and  25  members  and  3  visitors  present.  The  minutes 
of  the  last  meeting  were  read  and  approved.  The  Executive  Board  re- 
ported: Messrs.  Ernest  W.  Nay  lor,  Frank  Aborn,  and  Aug.  A.  Honsberg, 
and  recommended  their  election  to  active  membership. 

A  letter  from  Mr.  J.  F.  Holloway  accepting  honorary  membership  was 
read. 

Mr.  Barber  for  the  committee  on  Visiting  Day,  reported  as  follows: 

The  last  visiting  day  was  attended  by  a  goodly  number  of  the  Club. 
Forty  assembled  at  the  Forest  City  House  where  we  partook  of  a  light 
supper  which  I  see  our  newspaper  friend  reported  as  a  banquet,  although 
we  hardly  considered  it  such.  When  we  arrived  at  the  Broadway  train 
there  were  seventy-eight  members  on  hand.  We  went  direct  to  the  Broad- 
way and  Newburgh  St.  Ry.  Co.'s  power  house.  We  shall  have  an  interest- 
ing account  of  the  visit  later  in  the  evening,  as  Mr.  Roberts  has  that  sub- 
ject in  hand.  I  might  say  that  Mr.  Roberts  had  his  Kodak  with  him,  and 
has  produced  some  flash  light  photographs  which  are  a  great  credit  to  the 
artist.  At  the  power  house  we  were  joined  by  two  more  guests  making 
eighty  in  all  in  attendance.  At  the  Cleveland  Roiling  Mill  Co.'s  office  we 
were  cordially  received  by  Messrs.  Walker,  Reed,  Skellum  and  Powell, 
and  treated  to  cigars  which  were  a  pleasure  to  all  present.  I  have  no 
doubt  but  we  shall  have  a  full  description  of  this  visit  to  the  Cleveland 
Rolling  Mill  from  Mr.  Gifford. 

Mr.  E.  P.  Roberts  made  the  following  report: 

Before  I  commence  this  report,  I  would  like  to  say  in  regard  to  Mr. 
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Barber's  compliment  to  the  artist,  if  this,  the  photograph,  is  creditable  to 
the  artist  it  is  hard  on  the  Club.  I  am  indebted  to  Mr.  Jones  for  the  draw- 
ings, and  to  Mr.  Palmer  for  the  photograph  of  the  cower  house. 

Report  of  Visit  of  the  Civil  Engineers'  Club  of  Cleveland  to 
the  Power  House  of  the  Broadway  and  Newburgh  St.  R.  R. 


The  members  who  had  the  privilege  of  inspecting  the  power  house  last 
Wednesday  arrived  at  8  p.  m.  on  a  special  train  kindly  tendered  them  by 
Mr.  Horace  E.  Andrews,  the  opportunity  to  do  so  being  afforded  him  by 
Mr.  C.  Wasson. 

The  writer  had  very  little  opportunity  to  make  notes  at  the  time  of 
inspection,  as  he  was  busy  with  an  effort  to  obtain  a  likeness  of  the  distin- 
guished men  present.  His  effort  has  met  with  such  a  degree  of  success 
that  upon  showing  the  same  to  a  friend,  and  stating  that  it  was  taken  in 
Newburgh,  he  was  met  with  the  remark:  "Poor  fellows,  are  they  all  in- 
curable?" Since  the  trip  I  have  obtained  the  following  information  from 
Mr.  x\ndrews,  and  to  Mr.  E.  H.  Jones  I  am  indebted  for  the  loan  of  the 
drawings. 

The  road  was  s-tarted,  as  a  horse  road,  Christmas  1872,  as  an  electric 
road,  Christmas  1889.  It  now  has  25.62  miles  of  single  track  (all  tracks  are 
double).  The  maximum  grade  is  6.75  per  cent,  for  a  length  of  600  ft.  The 
sharpest  curve  is  40°. 

Track  construction: — The  rails  are  mainly  (95  per  cent.)  82  lb.  Johnson 
Girder  rail.  On  the  main  line  4  in.  bulb  chairs  are  used,  on  the  belt  line  the 
rails  are  spiked  to  the  ties,  using  heavy  tie  plates.  The  joint  is  the  Whitton 
6-bolt  joint.  Oak  ties  7  ft.  x  6in.  x  8in.  are  used,  2  ft.  6in.  c.  c.  In  New- 
urgh  the  roadbed  is  blast  furnace  cinders,  in  the  city  gravel  and  sand. 
Tie  rods  are  placed  10  ft.  apart. 

The  bonding  of  the  track  is  as  per  sketch.  The  trolly  wire  is  No.  4 
silicon  bronze.  Suspension  wire  is  No.  4  galvanized  iron.  The  line  insu- 
lators are  the  Cleveland  Construction  Co.'s  and  all  line  work  was  done  by 
that  company. 

The  poles  are  iron  and  steel,  set  in  concrete. 

Rolling  Stock:— The  rolling  stock  consists  of  96  cars,  of  which  35 
are  motor  cars,  23  Edison,  1  Westinghouse,  and  11  being  of  the  design  of 
our  well-known  fellow -member,  Mr.  Sydney  H.  Short.  All  are  double  re- 
duction motors. 

One  electric  sweeper  is  available  equipped  with  three  standard  Short 
motors,  two  to  drive  the  car,  one  to  revolve  the  brushes. 

The  most  approved  and  latest  car  gear  used,  according  to  Mr.  An- 
drews' statement,  is  one  designed  by  him  and  combines  elliptical  and  spir-  ■ 
al  gearings  in  such  a  manner  that  he  is  able  to  run  a  21-ft.  car  with  very 
little  pitching  motion.  The  wheel  base  is  7  ft.  6  in.,  wheels  36  in.  in  diame- 
ter. Mr.  Andrews  thinks  the  21-ft.  car  the  maximum  length  which  will 
permit  rapid  loading  and  unloading  and  therefore  not  interfere  with  rapid 
transit. 

The  Power  House. 

1st,  Generation  of  Steam:— Five  boilers  are  in  use,  72 in.  xl6ft. 
tubular  boilers,  each  with  122  3-in.  tubes.  The  boilers  are  built  by  the 
"Variety  Iron  Works.  Each  boiler  has  an  independent  stack  62  ft.  long  by 
36 in.  diameter;  following  a  practice  not  very  general  but  in  use  by  some 
of  the  best  electric  light  station  designers. 
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Two  Worthington  duplex  pumps  are  used  and  one  feed  water  heater 
built  by  Reynolds. 

The  coal  is  run  of  mine.  Water  can  be  taken  from  either  high  or  low 
pressure  pipes  of  the  city  supply  system. 

Piping:— The  piping  consists  of  two  mains  as  shown,  each  taking  from 
a  long  header  over  the  boiler  and  with  valves  as  indicated. 

It  is  covered  with  an  asbestos  covering. 

Engines: — The  engines  are  Reynolds  Corliss  high  pressure.  Three 
are  20x42, 88  revolutions,  rated  250  h.p.;  one  is  28x48,  70  revolutions,  rated 
480  h. p. 

Steam  pressure  is  100  lbs. 

The  fly  wheels  of  the  smaller  engines  are  16  ft.  diameter.  Each  engine 
has  two  wheels,  their  combined  weight  being  12  tons.  The  large  engine 
has  one  wheel  24ft.  x62in.,  weighing  30  tons. 

Each  engine  is  supplied  with  sight  feed  and  pump  for  cylinder  oiling, 
and  the  crank  pin  is  lubricated  by  oil  fed  into  a  center  oiler. 

The  foundation  is  brick  laid  up  in  cement  and  rests  in  a  clay  soil. 

All  oil  caught  is  passed  through  a  washing  filter. 

Transmission  op  Power  to  the  Dynamos: — This  is  the  most  char- 
acteristic feature  of  the  plant  and  is  due  to  Mr.  Andrews.  Each  engine 
drives  two  dynamos  by  direct  belting,  in  the  manner  so  often  used  with 
high  rotative  speed  engines,  but  seldom,  even  now,  with  drop  cut  off  en- 
gines. To  discuss  this  point  would  make  my  paper  other  than  a  simple 
report  and,  interesting  although  it  is,  I  will  not  dwell  upon  it  at  this  time. 

The  Generators  of  Electricity:— Dynamos  for  power  work  are 
usually  termed  generators.  Each  smaller  engine  drives  two  No.  32,  80 
kilo-watts  Edison  generators.  The  larger  engine  drives  two  No.  60,  150 
kilo- watts  machines. 

The  Switch  Board: — In  the  board  used  the  rheostats  and  the  indi- 
vidual ammeters  and  cut-outs  are  brought  to  the  same  place  as  the  feeder 
ammeters  and  cut-outs.  The  ammeters  are  standard  Edison  and  the  cut- 
outs the  Cleveland.  A  Weston  voltmeter  is  used.  All  are  assembled  on  a 
handsome  slate  backing  20ft.  x  10ft.  and  placed  three  feet  from  the  build- 
ing wall. 

The  wiring  is  on  the  back  of  the  board.  Wirt,  Cleveland  and  Wason 
lightning  arresters  are  used. 

The  power  house  is  under  the  same  roof  as  the  repair  shops.  The  re- 
pair shop  has  not  any  transfer  table,  switches  being  arranged  as  shown. 

Personnel:— About  200  men  are  employed  by  the  company,  theoffl- 
.cers  of  which  are:— Mr.  Horace  E.  Andrews,  President;  John  J.Stanley, 
Vice-President;  Edwin  Fowler,  Secretary,  and  to  them  I  desire  once  more 
to  express  my  obligation  for  their  courteous  treatment  of  an  amateur 
reporter. 

Respectfully  submitted,  E.  P.  Roberts. 

Question:  I  would  like  to  ask  if  you  ascertained  the  cost  of  the  ma- 
chinery? 

Mr.  Roberts: — No,  I  did  not  ask  the  question.  I  did  not  want  to  ask 
questions  about  anything  but  what  I  was  sure  they  were  willing  to  have 
made  public.  I  should  judge  mat  the  cost  was  about  $55.00  a  horse-power 
for  the  steam  plant.  Mr.  Andrews  asked  me  what  I  wanted  to  know,  and 
I  answered  that  I  only  desired  such  information  as  I  could  make  public 
and,  therefore,  financial  matters  were  not  reported. 
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Mr.  Geo.  E.  Gifford  reported  as  follows: 
A  Page  of  History  Relating  to  the  Cleveland  Rolling  Mill 
Company's  Plant. 


lam  not  responsible  for  the  title  of  this  report,  but  must  congratulate 
the  gentleman  from  whose  brain  it  emanated  upon  his  happy  choice  of 
words,  for  this  must  necessarily  be  but  a  "page"  from  what  might  be  a 
large  volume  in  regard  to  this  monster  industry  within  our  city's  limits. 

The  "page"  thus  taken  from  the  "history"  will  be  of  very  recent  date, 
going  back  less  than  a  week,  and  will  narrate  the  visit  of  the  Civil  Engi- 
neers' Club  of  Cleveland,  to  the  works  of  the  Cleveland  Rolling  Mill  Com- 
pany on  Wednesday  evening,  November  4,  1891,  giving  a  resume  of  the 
things  they  then  saw,  and  touching  possibly  upon  some  things  they  did 
not  see. 

After  having  visited  the  power  station  of  the  Broadway  &  Newburgh 
Electric  Railroad  Company,  the  engineers  and  their  guests  were  received 
at  the  office  of  the  Rolling  Mill  Company,  by  Messrs.  Henry  Grey,  Gen- 
eral Superintendent;  John  Walker,  Superintendent;  Henry  Barren,  Mas- 
ter Mechanic,  and  a  member  of  this  club,and  Lewis  T.  Powell,  Private 
Secretary  to  Mr.  Chisholm.  After  such  of  the  members  as  were  "addicted'' 
had  been  regaled  with  nicotian  refreshments,  we  were  conducted  into 
the  mills  by  Mr.  Powell. 

Here  it  is  my  purpose  not  to  follow  the  visiting  party  further,  but  to 
leave  them  to  wander  through  the  rod  mills,  bloom  mill  and  yards,  while 
we  to-night  will  begin  at  the  beginning  and  follow  the  material  from  con- 
verter to  coil  of  wire.  We  should  properly  begin  at  the  blast  furnace,  but 
as  this  was  not  visited  by  the  Club,  and  its  operations  are  familiar  to  all, 
we  will  begin  at  the  Bessemer  steel  converters. 

The  Bessemer  plant  of  the  Cleveland  Rolling  Mill  Company  was,  I  be- 
lieve, the  third  constructed  in  this  country.  It  is  by  no  means  the  largest 
now  in  operation,  still  it  has  a  capacity  of  700  gross  tons  per  diem  and  pro- 
duces a  very  good  quality  of  steel.  The  capacity  per  heat  for  each  con- 
verter is  about  8  gross  tons.  The  pig  iron  is  mostly  produced  at  the  blast 
furnaces  of  the  Company.  This  is  melted  in  ordinary  cupola  furnaces  and 
run  into  the  converter  after  having  first  thrown  in  some  crop  ends  of  bil- 
lets, or  rails.  This  both  uses  up  otherwise  useless  material,  and  cools  the 
bottom  of  the  converter  so  that  when  the  blast  is  turned  onto  the  molten 
metal  too  fierce  heat  is  not  generated.  The  evening  we  were  there  they 
were  producing  a  "low"  or  soft  steel;  for  that  reason  the  addition  of 
spiegel-eisen  after  the  de-carburization,  which  is  usually  made  for  "high'' 
steel  to  bring  it  up  to  the  proper  degree  of  hardness  by  adding  a  certain 
proportion  of  carbon  as  well  as  of  manganese,was  omitted,  but  an  addition 
of  about  75  hundredths  of  one  per  cent  of  ferro-manganese  in  the  form  of 
broken  pig  was  made  after  the  steel  had  been  poured  into  the  ladle.  This 
does  not  add  materially  to  the  carbon  in  the  steel,  but  gives  that  propor- 
tion of  manganese  which  is  necessary  for  the  production  of  a  good  giade 
of  steel. 

It  may  be  of  interest  to  know  just  what  manganese  does  for  steel,  so  I 
will  quote  from  Howe's  Metallurgy  of  Steel:  "Manganese  prevents  hot- 
shortness  in  steel  by  preventing  formation  of  blow  holes,  by  reducing  or 
removing  oxide  and  silicate  of  iron,  by  bodily  removing  sulphur,  by  coun- 
teracting the  effects  of  the  sulphur  which  remains  as  well  as  of  iron  oxide, 
phosphorous,  copper,  silica  and  silicates."  ' 
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The  steel  is  poured  from  the  converter  into  a  ladle  large  enough  to 
take  the  entire  contents  of  the  converter,  which  is  supported  and  operated 
by  a  hydraulic  crane  of  20  tons  capacity,  working  in  a  circular  pit,  around 
the  sides  of  which  stand  cast  iron  molds  to  receive  the  molten  steel  from 
the  ladle.  After  the  steel  has  cooled  sufficiently  to  be  handled,  the  molds 
are  lifted  from  the  steel  and  there  stand  the  red  hot  ••ingots'*  of  Bessemer 
steel.  These  are  lifted  by  cranes  of  5  tons  capacity,  three  in  all,  so  placed 
as  to  command  every  portion  of  the  pit,  onto  small  cars  or  "buggies"  with 
four  wheels  and  a  platform  of  rails,  running  on  a  standard  gauge  track 
and  hauled  by  small  locomotives.  The  ingots  are  14x16  in.  at  the  butt, 
and  average  in  weight  about  3,000  pounds.  The  pressure  of  450  pounds 
per  square  inch  for  the  hydraulic  cranes  is  produced  by  six  Worthington 
pumps  located  in  the  engine  room  and  probably  not  noticed  by  most  of  us 
at  the  time  of  our  visit.  The  25  pounds  per  square  inch  air  pressure,  for 
the  blast  is  produced  by  two  horizontal  blowing  engines  which  have  been 
in  use  twenty-five  years,  although  they  have  been  repaired  and  strength- 
ened in  the  meantime.  The  fuel  in  use  under  the  boilers  is  crude  oil.  The 
oil  burner  is  one  manufactured  by  the  Company  for  its  own  use. 

From  the  steel  works  the  ingots  are  taken,  without  being  allowed  to 
get  cold,  to  the  blooming  mill,  there  re-heated,  rolled  and  sheared  into 
blooms  7x7  in.  weighing  about  750  pounds  each,  which  without  re- heating 
are  again  rolled  into  billets  3x3  in.  or  4x4  in.  weighing  all  the  way  from  30 
pounds  to  150  pounds,  according  to  the  use  for  which  they  are  intended. 

From  the  blooming  mill  the  billets  go  to  the  rod  mill,  are  re-heated 
and  rolled  into  No.  5  rods  ready  to  go  to  the  wire  mill.  In  the  new  rod 
mill  which  was  the  second  visited  by  us  the  other  night  the  4  in.  billet  is 
rolled  bv  IS  passes  in  a  duplex  repeating  mill  to  the  finished  rod.  The 
"repeating"  part  of  the  mill  consists  in  the  fact  that  certain  of  the 
"passes"  are  made  automatically.  From  the  first  to  the  sixth,  the  passes 
are  made  by  hand,  from  the  seventh  to  the  eleventh  they  are  repeated  by 
the  machine  without  assistance  from  the  operators,  the  twelfth  pass  is 
made  by  hand,  and  from  this  to  the  eighteenth  or  last,  each  alternate  pass 
is  made  by  hand.  After  the  last  pass  the  rod  enters  a  hole  in  the  center 
of  a  revolving  wheel  or  disc  called  the  "rose-bitt."  From  this  central  hole 
radiate  several  other  holes  so  that  on  the  opposite  or  outside  of  the  "rose- 
bitt**  there  appear  several  holes,  while  on  the  inside  there  is  only  one. 
The  rose-bitt  is  about  7  in.  in  diameter  and  6  in.  thick,  of  cast-iron,  and 
its  revolutions  are  regulated  by  the.  speed  of  the  rolls.  As  the  rod  driven 
by  the  rolls  enters  the  central  hole,  finding  no  other  means  of  egress  it 
continues  on  through  one  of  the  radial  holes,  no  matter  which,  and  thus 
receives  in  addition  to  its  rectilinear  motion  a  circular  motion  from  the 
"rose-bitt"  which  two  combined  just  nicely  throw  the  rod  over  and  wrap 
it  around  a  peculiar  conical  shaped  reel  called  a  Tallmau  reel  from  which 
it  is  taken  in  coils  by  boys  with  long  tongs  hung  from  overhead  runways. 
This  mill  is  called  a  duplex  mill  because  two  or  sometimes  three  or  four 
rods  can  be  in  the  rolls  at  the  same  time.  Continuous  mills  are  in  use 
which  are  entirely  automatic  after  the  first  pass,  but  it  is  claimed  that  the 
duplex  repeating  mill  has  a  greater  capacity  because  of  its  being  able  to 
roll  several  rods  at  once,  which  the  continuous  mill  cannot  do. 

The  old  rod  mill,  the  one  first  visited  by  us  the  other  night,  is  also  a 
repeating  mill  but  has  not  the  Tallmau  reels,  the  coiling  being  done  on  an 
ordinary  power  reel.  This  mill  is  used  for  the  manufacture  of  spring 
steel  and  the  finer  grades  of  wire.    The  Cleveland  Rolling   Mill    Company 
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is  the  largest  manufacturer  of  rods  in  the  United  States,  the  daily  output 
being  400  net  tons. 

From  the  rod  mill  we  go  to  the  wire  mill  where  we  see  the  No.  5  rods 
in  coils  taken  in  charge  by  a  most  ingenious  machine  the  invention  of  Mr. 
Wm.  L.  Hayes,  Assistant  Superintendent  of  the  wire  mill,  which  auto- 
matically prepares  the  rods  for  drawing.  Unfortunately  the  machine  was 
not  shown  to  the  Club  on  the  evening  of  our  visit  as  it  was  in  another 
building  from  those  we  visited,  and  as  our  time  was  then  growing  short 
we  did  not  get  to  see  it.  Nor  can  I  attempt  to  describe  it  here  but  will  say 
that  the  members  of  the  Club,  individually  or  collectively  are  invited  to 
visit  the  mills  and  see  the  machine  for  themselves.  The  preparation  of 
the  rods  consists  first  in  a  bath  of  hot  dilute  sulphuric  acid  which  removes 
oxide  of  iron  scales,  leaving  a  clean  smooth  surface,  then  a  bath  in  cold 
water  to  wash  off  the  acid  and  loose  dirt  that  may  still  remain,  then  a 
spraying  with  clean  water  to  give  it  the  so  called  "water  coat,"  then  a  dip 
into  a  thin  paste  of  lime  and  wheat  flour  to  give  a  sort  of  lubricant  to  the 
rod  that  in  the  drawing  it  may  receive  a  smooth  finish  and  not  be  scratch- 
ed and  rough,  as  well  as  to  preserve  the  dies.  After  this  the  coils  are  car- 
ried along  to  an  oven  where  the  coating  of  lime  and  flour  is  dried  and  the 
rod  is  ready  for  drawing.  The  machine  I  have  mentioned  performs  all 
these  operations  with  only  one  handling  of  the  rods,  that  of  placing  them 
on  truck?  ready  for  the  machine  to  take  up  for  the  initial  operation. 

When  we  consider  that  ordinarily  these  operations  are  performed,  one 
at  a  time,  in  a  series  of  vats  containing  the  various  baths,  by  successive 
dippings  with  a  crane,  we  appreciate  what  a  labor  saving  device  the  ma- 
chine is. 

For  drawing,  the  coil  of  rod  is  placed  on  a  reel  on  the  floor,  the  end 
pointed  in  a  machine  making  a  curious  buzzing  noise  that  excited  the  cur- 
iosity of  some  of  our  members  the  other  evening,  and  then  started  through 
the  die  and  wound  onto  another  reel  placed  on  the  bench  before  the  oper- 
ator. The  die  is  of  cast  iron  with  taper  hole.  As  the  hole  wears  it  is 
reamed  out  for  a  larger  size.  Some  of  the  dies  for  fine  wire  are  of  steel 
and  as  the  hole  wears  it  is  hammered  down  on  the  back  side  and  the  hole 
reamed  the  same  size  as  originally.  The  wire  is  generally  drawn  down  to 
about  No.  12,  before  annealing.  The  annealing  is  done  in  a  "muffler" 
heated  by  coke.  The  larger  sizes  of  wire  are  drawn  "dry,"  but  the  smal- 
ler sizes  are  drawn  by  the  wet  process.  By  this  process  the  wire  passes 
through  the  die  from  a  bath  of  sour  flour  and  water;  the  wet  drawing  is 
done  in  the  room  which  reminded  some  of  us  who  were  brought  up  in  the 
country  of  the  old  pig  pen. 

Comparatively  little  wire  is  sold  for  commercial  purposes  without 
some  coating  to  prevent  rusting.  This  coat  may  be  of  brass,  copper,  tin 
or  zinc,  the  last  being  called  galvanized  wire. 

The  brass  coat  is  applied  by  dipping  the  wire  in  a  solution  of  blue 
vitriol  and  some  salt  of  tin.  The  copper  coat  is  formed  by  dipping  the 
wire  in  a  solution  of  blue  vitriol  alone.  The  wire  is  then  drawn  again  so 
as  to  polish  the  plating. 

For  the  'inning  process  the  wire  first  passes  through  dilute  hydrochloric 
acid  to  thoroughly  clean  the  wire  and  cause  the  tin  coat  to  "set,"  then 
through  a  bath  of  molten  tin.  After  coming  out  of  the  bath  the  excess 
metal  is  wiped  off  by  passing  through  cotton. 

The  galvanizing  process  is  similar  to  the  tinning  except  that  the  bath 
is  of  molten  zinc  and  the  wiping  done  by  asbestos  ropes.    The  coarser 
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wires  such  as  for  fence  wire  are  galvanized  while  the  finer  wires  as  for  the 
manufacture  of  picture  cord  are  tinned. 

The  Cleveland  Rolling  Mill  Company  does  not  make  any  telegraph 
wire  as  this  requires  a  very  fine  grade  of  Swedish  iron.  The  principal 
manufacturers  of  telegraph  wire  in  this  country  are  Washburne  &  Moen, 
of  Worcester,  Mass.,  and  John  A.  Roebling's  Sous,  Trenton,  N.  J. 

A  report  of  the  Engineers' Club's  trip  to  the  Rolling  Mill  Company's 
works,  would  not  be  complete  without  mention  of  the  new  blooming  mill 
now  in  course  of  construction  but  which  is  so  far  advanced  that  we  saw 
them  roll  some  slabs  in  it.  It  is  said  that  this  mill  will  be  the  completest 
of  its  kind  in  this  country  when  finished.  In  it  they  will  roll  billets  V/2  in. 
x  \y2  in.  from  the  ingot  with  only  one  heat.  They  will  roll  12  in.  x  12  in- 
blooms  and  8  in.  x  20  in.  slabs  all  of  which  will  be  sheared  by  hydraulic 
shears.  After  the  first  of  Jauuary  next  they  will  be  prepared  to  furnish 
all  sizes  of  channels  up  to  12  inches  and  after  March  first  all  sizes  of  I 
beams  up  to  12  inches.  This  mill  will  also  produce  rails.  The  heating  of 
the  ingots  will  be  by  means  of  what  are  called  soaking  pits,  the  fuel  being 
gas. 

The  Club  has  a  very  cordial  invitation  to  visit  the  Rolling  Mill  Com- 
pany's plant  again  when  this  mill  is  finished  and  for  fear  some  may  think 
it  hardly  worth  while  to  go  so  far  to  see  this  one  mill  I  will  say  that  in  ad- 
dition to  this  and  the  other  mills  we  saw  on  our  previous  visit,  the  Com- 
pany operates  three  blast  furnaces,  another  rod  mill,  an  18  in.,  12  in. 
and  9  in.  merchant  mill  for  the  production  of  angles  and  merchant  iron, 
a  puddle  mill,  bar  mill  and  plate  mill  at  which  last  are  rolled  universal 
and  sheared  plates  and  sheet  iron  and  where  they  make  corrugated  iron 
both  black  and  galvanized. 

Before  taking  the  cars  for  home  the  Club  and  its  guests  gave  three 
hearty  cheers  for  the  officials  above  mentioned  who  by  their  attention  and 
courtesy  had  made  our  visit  so  pleasant  and  profitable,  and  three  more 
cheers  for  the  Cleveland  Rolling  Mill  Company,  for  its  kindness  in  extend- 
ing the  invitation  to  visit  its  immense  and  instructive  plant. 

Geo.  E.  Giffoed. 

President  Gobeilee. — Gentlemen: — I  know  you  will  bear  with  me 
if  I  add  just  a  few  words  on  this  subject.  I  have  been  interested  in  Mr. 
Gifford's  excellent  report,  which  has  been  presented  in  a  very  happy  and 
able  manner,  but  I  want  to  go  back  a  little  farther  than  he  has  gone,  and 
look  at  the  men  who  originated  those  things  which  we  saw  and  of  which 
we  heard. 

At  the  head  of  the  list  of  members  in  the  catalogue  of  the  American 
Society  of  Mephanical  Engineers'  appear  the  names  of  two  men  who  are 
styled  "Honorary  Members  in  Perpetuity."  One  of  these  men,  Mr.  H.  R. 
Worthington,  has  left  a  name  and  impress  on  mechanical  pursuits,  es- 
pecially hydraulics,  which  will  never  be  effaced.  I  do  not  wish  however, 
to  speak  of  him  to-night,  but  of  the  other  name;  Alexander  Lyman  Holley. 
When  I  stood  looking  at  the  converter  bellowing  forth  its  flame  and  starry 
fragments,  at  the  Cleveland  Rolling  Mill  Co.'s  plant  the  other  night,  my 
mind  went  back  to  the  time  when  it  was  built,  which  was,  I  think,  in  1867, 
it  being  the  second  Bessemer  plant  put  in  operation  in  this  country.  It 
was  thought  by  Mr.  Holley  that  six  turns  a  day  could  be  expected  of  this 
plant.  What  a  change  in  a  few  years;  the  same  machinery,  the  same  hy- 
draulic cranes,  except  perhaps,  the  center  crane,  every  thing  just  as  origi- 
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nally  designed,  now  doing  as  high  as  eighty  turns  every  twenty-four 
hours: — more  than  that,  the  original  converters  were  five  tons,  they  have 
been  increased  to  eight  tons,  and  yet,  with  this  wonderful  performance 
fresh  in  my  mind,  the  thought  that  comes  to  me  to-night  is  one  of  sad- 
ness:—What  would  not  Alexander  Lyman  Holley  have  given  to  live  to- 
day and  see  what  we  have  seen?  And  with  what  temerity  would  we  look 
forward  to  the  outcome  of  our  efforts  if,  upon  designing  a  certain  machine 
or  system  of  machinery  to  do  a  given  quantity  of  work  in  a  definite  time, 
it  should  be  found  that  the  result  was  multiplied  fourteen  times  beyond 
our  fondest  hopes. 

There  has  been  some  talk,  I  understand,  of  transferring  the  Bessemer 
Mili  to  another  site  and  installing  a  new  plant,  but  Gentlemen,  if  that 
day  comes,  I  shall  look  upon  the  change  with  anything  but  pleasurable 
feelings.  But  Mr.  Holley's  work  was  not  all.  Going  a  "little  farther  into 
the  rod  mill,  we  saw,  making  as  good  an  output  as  almost  any  mill  in  the 
country,  the  first  duplex  mill  built  by  Mr.  Robert  Garrett. 

I  remember  sitting  at  dinner  with  Mr.  Garrett  a  year  or  two  ago,  and 
hearing  him  refer  with  pride  to  his  early  efforts,  and  this  was  the  first 
Garrett  Mill.  Without  going  into  personalities  for  comparison,  I  can  say 
with  sincerity,  that  I  am  glad  because  of  the  success  of  the  first  Garrett 
Mill.  I  know  of  a  place  where  a  similar  one,  and  a  continuous  mill, 
stand  almost  side  by  side,  and  the  output  is  said  to  be  variable'between 
the  two,  according  to  the  make  ud  of  the  gangs  employed  to  run  them- 
But  we  didn't  stop  even  at  the  rod  mill;  going  a  little  farther  we  came 
upon  a  huge  engine,  and  I  could  not  help  thinking  of  the  man  whose  name 
that  engine  bears.  So  genial,  so  generous,  so  full  of  sympathy  for  every 
one,  often  to  his  own  hurt,  and  there  came  before  me  a  picture  of  the  man 
as  I  last  saw  him.  All  his  hopes  and  ambition  seemed  to  be  approaching 
fruition.  He  was  cheerful  and  happy,  though  ill  and  in  bed.  A  few  days  after 
that  he  took  up  one  hand  with  the  other  as  he  lay  there,  and  looked  at  it 
intently;  there  was  no  feeling  in  it,  and  he  knew  it  must  be  paralyzed.  He 
said  not  a  word,  but  turning  over  in  the  bed  with  his  face  to  the  wall,  in 
fifteen  minutes  he  was  dead. 

Homer  Hamilton  struggling  through  life,  doing  what  would  be 
thought  wonders  now  in  a  mechanical  way,  had  given  up  at  last  and  died 
a  poor  man.  The  establishment  which  he  founded,  and  which  was  at 
that  moment  on  the  high  road  to  success,  has  become  the  great  Hamilton 
Works,  at  whose  shops  this  Porter-Hamilton  engine  was  built. 

Gentlemen,  do  not  consider  what  I  say  to  be  in  any  sense  supplemen- 
tary or  any  addition  to  Mr.  Gifford's  valuable  report,  but  looking  back  of 
what  we  saw  on  that  evening  (which  I  am  sure  will  always  remain  among 
our  pleasant  memories,)  I  saw  the  men  and  havinec  known  them,  I  have 
unwittingly  paid  them  this  poor  tribute. 

The  paper  of  the  evening  was  by  Prof.  Frank  H.  Neff  entitled  French 
Roads,  their  administration,  construction  and  maintenance.  It  contained 
an  elaborate  and  detailed  account  of  the  system  according  to  which  these 
celebrated  roads  were  constructed,  their  cost,  the  way  in  which  they  are 
kept  in  repair,  and  the  care  and  pains  taken  to  maintain  them  in  their 
present  high  state  of  excellence.  This  was  followed  by  a  discussion  in 
which  a  number  of  members  took  part.  Mr.  Palmer  offered  the  following 
which  was  unanimously  adopted. 

Resolved:  1st.  That  the  thanks  of  the  Club  be  extended  to  Mr.  Hor- 
ace E.  Andrews  for  furnishing  a  train  of  cars  for  the  use  of  the  Club  on 
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the  occasion  cf  its  recent  visit  to  the  power  house  of  the  Broadway  & 
Newburgh  St.  Ry.  Co.  and  for  other  courtesies. 

2nd.  That  the  thanks  of  the  Club  be  extended  to  Mr.  Wm.  Chisholm 
and  other  officers  of  the  Cleveland  Rolling  Mill  Co.  for  courtesies  shown 
on  the  occasion  of  the  recent  visit  of  the  Club  to  the  works  of  the  Cleve- 
land Rolling  Mill  Co. 

On  motion  adjourned.  A.  H.  Porter,  Secretary. 
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286th  Meetixg,  December,  2, 1891:— The  286th  meeting  of  the  Society 
was  held  at  its  rooms,  Wednesday  evening,  December  2nd,  1891,  at  8  p.  m. 
President  L.  E.  Cooley  in  the  chair  and  55  members    and  visitors  present. 

The  minutes  of  the  previous  meeting  as  printed  were  approved. 

The  Secretary  reported,  for  the  Board  of  Directors,  the  following 
elections  to  membership:  Messrs.  W.  W.  Curtis,  Henry  Hanser,  Prof. 
Chas.  B.  Wing,  Pitney  F.  Randall,  Berney  B.  Colborne,  E.  L.  Cooley,  Geo. 
D.  Hersey,  John  B.  Price,  Wm.  B.  Ewing. 

Mr.  W.  J.  Earner,  for  the  committee  on  "Badge,  Seal,  etc.,"  reported 
that  the  committee  were  awaiting  designs,  little  response  having  as  yet 
been  received  to  the  request  made  in  the  November  proceedings. 

The  Secretary  read  a  letter  from  Mr.  E.  L.  Corthell,  now  in  Mexico, 
informing  the  Society  that  Mr.  M.  Fernanadez  Leal,  President  of  the  Mex- 
ican Society  of  Engineers  and  Architects,  had  presented  the  Society  with- 
some  valuable  maps  and  charts  of  Mexico.  The  Secretary  was  author- 
ized to   acknowledge  its  receipt  and  express  the  thanks  of  the  Society. 

The  President  called  attention  to  the  Annual  Meeting  and  asked  for 
action  on  the  subject. 

Mr.  J.  F.  Wallace  moved  that  the  Annual  Meeting  be  held  as  usual  on 
the  first  Wednesday  in  January  and  that  a  committee  of  entertainment  be 
appointed.    Carried. 

The  President  remarked  that  last  year's  committee  had  done  so  well 
that  it  would  be  wise  to  continue  their  services,  adding  thereto  the  name 
of  the  first  vice-president.  Committee:  John  F.  Wallace,  H.  C.  Alexander 
John  Lundie.  Wm.  J.  Karner. 

The  President  called  attention  to  the  new  By-Laws  relating  to  the 
election  of  officers  which  were  now  in  force. 

Mr.  C.  T.  Purdy  presented  a  resolution  which  after  amendment  by  Mr. 
Gottlieb  to  insert  "wrought  iron"  and  "cast  iron,"  wras  seconded  and  car- 
ried. 

The  following  is  the  resolution: 

Resolution. 
Whereas  the  introduction  of  steel  into  the  construction  of  buildings 
during  the  last  few  years  has  wrought  an  entirely  new  departure  in  archi- 
tecture, involving  new  methods  of  construction  and  larger  possibilities  of 
design  both  in  size  and  style;  and 

Whereas  this  has  introduced  a  new  field  to  the  engineering  profession 
and  raised  questions  in  many  quarters  as  to  the  strength,  durability  and 
protection  against  fire  which  steel  buildings  offer,  in  all  of  which  the  busi- 
ness interests  of  this  city  are  greatly  involved:  and 

Whereas  there  is  great  need  of  further  and  more  definite  knowledge 
pertaining  to  this  subject,  therefore: 

Beit  resolved:  That  this  society  appoint  a  special  committee  of  five 
members  to  make  investigations  and  tests  on  the  following  lines. 

1st.  The  nature  and  action  of  the  clay  strata  underlying  Chicago  with 
reference  to  the  foundations  of  large  buildings. 
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2nd.  The  strength  of  columns,  cast  iron,  wrought  iron,  and  steel  of 
sizes  actually  used  in  building  construction,  and  the  effects  of  excentric 
loading. 

3rd.  Fire  proofing  and  its  efficiency  and  the  effects  of  moderate  de- 
grees of  heat  on  iron  columns  and  beams. 

4th.  The  rigidity  of  steel  buildings  and  what  should  be  required  in 
the  way  of  lateral  bracings. 

In  introducing  the  resolution  Mr.  PuRDYsaid:  I  offered  this  tonight 
for  the  purpose  of  making  suggestions  rather  than  with  any  desire  to  push 
the  matter.  It  seems  to  me  that  the  importance  of  steel  in  the  construc- 
tion of  buildings  is  hardly  realized  by  a  majority  of  the  profession,  to  say 
nothing  of  the  people  outside  of  the  profession.  It  is  beginning  to  take  a 
very  large  place  in  steel  manufacturing,  and  a  very  large  place  in  the  pro- 
fession too,  at  least  here  in  Chicago,  and  while  there  are  many  questions 
of  large  importance  being  considered  every  clay,  we  are  actually  in  need  of 
a  very  great  deal  of  information  that  we  have  not.  We  need  practical 
tests.  We  need  more  practical  knowledge  of  what  we  are  dealing  with 
in  a  large  measure  theoretically,  that  can  only  be  obtained  atthe  expendi- 
ture of  much  work  and  a  great  deal  of  cost.  The  money  cannot  be  raised 
today  unless  the  work  is  handled  by  some  agency  which  can  practically 
guarantee  reliability,  honesty,  accuracy  and  thoroughness  of  work.  It 
seems  to  me  that  that  guarantee  might  be  furnished  by  this  Society.  It 
seems  to  me  that  we  might  be  able  to  find  the  men  that  could  do  the  work. 
I  think  that  there  is  no  other  question  that  this  Society  has  ever  handled 
or  investigated  that  touches  so  many  people,  or  so  many  public  interests, 
as  this.  I  believe  that  as  much  money  can  be  raised  to  investigate  this 
matter  in  a  way  that  it  has  never  been  investigated  before,  as  any  other 
subject  that  we  can  take  hold  of.  It  cannot  be  done  in  a  short  time;  it 
will  require  considerable  time. 

The  manufacturers  of  iron,  the  builders,  architects,  the  moneyed  men 
of  our  city,  those  who  are  investing  in  buildings  of  this  nature,  those 
who  are  connected  with  the  manufacture  of  fire  proofing,  and  so  far 
as  the  effects  of  fire  on  these  buildings  go,  all  the  public  are  interested  in 
it,  and  indeed  there  is  scarcely  any  important  industry  in  our  city  that  is 
not  in  some  way  touched  by  it.  It  does  seem  to  me  that  it  would  be  a 
proper  subject  for  this  Society  to  take  hold  of  it  in  the  coming  year.  I 
do  not  know  that  now  is  the  proper  time  to  appoint  that  committee,  but  a 
great  deal  of  discussion  has  been  going  on  in  the  papers  which  is  false:  so 
many  things  have  been  written  which  if  false  or  true  cannot  be  proven, 
even  those  positions  which  men  have  taken  in  regard  to  steel  buildings  are 
to  a  large  extent  unprovable  and  cannot  be  demonstrated  as  we  can  dem- 
onstrate a  great  many  other  things  in  other  branches.  The  question  of 
excentric  loading  is  a  thing  we  know  very  little  about  practically, — we  are 
dealing  with  it  theoretically.  It  is  a  very  important  matter  in  building 
construction.  It  is  because  these  things  are  coming  to  me  every  day  in  my 
own  business,  because  I  am  touching  them  all  the  time,  tha'.  I  have  come 
to  think  more  of  them  and  have  come  to  the  point  of  making  the  sugges- 
tion contained  in  my  resolution,  to  this  Society. 

Mr.  F.  C.  Rossiter  spoke  warmly  in  favor  of  the  resolution. 

President  Cooley  said  the  resolution  was  in  line  with  the  policy  pur- 
sued by  the  Society  for  the  past  two  years,  but  thought  it  would  be  proper 
for  the  motion  to  lie  over  and  be  printed,  in  the  meantime  affording  time 
to  consider  how  best  to  appoint  the  committee  so  as  to  get  the  desired  re- 
sults and  to  give  further  opportunity  for  further  debate. 
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Mb.  Ptjkdy  agreeing  with  the  President,  and  no  further  objections 
being  made,  action  was  postponed. 

On  motion  of  Mr.  Benezette  Wiiliams  the  discussion  of  Mr.  Gottlieb's 
paper,  "The  Foundations  and  Floors  for  the  buildings  of  the  World's  Col- 
umbian Exposition,"  was  first  put  in  order. 

Written  discussions  from  Mr.  T.  G.  Gribble,  A.  M.  I.  C.  E.  and  Mr.  On- 
ward Bates  were  read  by  the  Secretary,  and  these  were  followed  by  oral 
discussions  by  Messrs.  Chanute,  Wallace,  Cooley,  Horton,  Benezette  Wil- 
liams, Maddock  and  Bridgman. 

Before  proceeding  further  the  President  said:  I  think  this  question  has 
been  a  verv  interesting  one,  and  believe  I  expressed  the  wish  of  the  Society 
in  leaving  it  open.  I  think  there  are  number  of  you  here  who  ought  to 
express  your  views  and  put  them  on  record  in  regard  to  this  matter.  It 
brings  up  the  whole  question  of  timber  -structures  and  foundations  upon 
our  soil  here.  Those  are  the  two  matters  which  the  discussion  has  es- 
pecially brought  out. 

The  adjourned  discussion  on  Mr.  Corthell's  paper  on  '"An  Enlarged 
Water-Way  between  the  Great  Lakes  and  the  Atlantic  Seaboard,"  was 
next  taken  up. 

The  Secretary  read  discussions  from  Mr.  Win.  Pierson  Judsou,  of  Os- 
wego, New  York,  and  Mr.  Samuel  McElroy,  and  other  discussions  on  hand 
will  lie  over  to  be  put  in  type  with  them. 

In  closing,  the  President,  in  referring  to  the  discussions  remarked: 

I  believe  there  are  one  or  two  other  papers  which  we  will  not  bring  up 
tonight.  There  is  one  paper  by  Mr.  Goodwin  in  which  he  takes  views 
somewhat  similar  to  Mr.  McElroy  in  regard  to  the  use  of  vessels  at  15  feet 
depth.  Mr.  Goodwin  has  been  recently  one  of  a  commission  to  establish 
the  ship  canal  from  Lake  Erie  to  Pittsburgh,  a  project  of  a  great  deal  of 
merit,  and  his  paper  maintains  that  that  depth  in  that  ship  canal  is  suffi- 
cient for  the  purpose.  I  was  going  to  say  that  the  Society  will  regret  to 
hear  that  since.  Mr.  Goodwin  forwarded  his  paper  to  us  he  died  somewhat 
suddenly  at  his  home  in  Sharpsville,  Pennsylvania.  He  has  been  long 
known  in  connection  with  the  question  of  rapid  transit  on  canals  by  means 
of  canal  towing  and  other  means. 

On  motion  the  meeting  adjourned. 

John  W.  Weston,  Secretary. 


Editors  reprinting-  articles  from  this  journal  are 
requested  to  credit  both  the  JOURNAL  and  the 
Society  before  which  such  articles  were  read. 
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THE  CIVIL  ENGINEER. 

An  Address  Given  at  the  Annual  Meeting  of  the  Western  Society 
of  Engineers,  By  Rev.  Conrad  Haney. 


[January  6,  1892.] 

It  is  needless  to  say,  Gentlemen,  that  I  am  somewhat  embarrassed 
in  this  presence,  for  the  civil  engineer  is  altogether  a  mystery  to  the 
ordinary  man.  We  are  well  acquainted  with  your  thought,  as  it  rises 
in  massive  edifices,  or  cleaves  its  way  across  continents  and  over 
the  mountains  and  seas  in  those  remarkable  works  that  are  the 
very  highest  exponents  of  the  advanced  civilization  of  today;  but  you 
yourselves,  thinking  in  the  study,  observing  on  the  fields  where  soon 
you  expect  to  conquer,  and  in  general  laying  plans  to  circumvent 
nature  and  turn  the  world  quite  upside  down,  seem  to  covet  retire- 
ment from  the  popular  gaze.  And  when  suddenly  therefore,  I  come 
face  to  face  with  more  civil  engineers  than  I  ever  thought  of  before, 
although  you  look  a  good  deal  like  regulation  mortals  and  seem  to 
have  appetites  that  are  unanimously  human,  it  is  only  natural  that  the 
timidity  characteristic  of  the  ministry,  and  hereditary  in  my  family, 
should  quite  overmaster  what  strength  my  heroic  onslaught  on  the 
dinner  table  has  left  me.  But  I  take  courage  in  the  thought  that  I'm 
something  of  a  civil  engineer  myself;  for  who  have  tunnelled  through 
more  mountains  or  bridged  more  rivers,  or  constructed  more  roads 
than  the  preachers,  in  their  effort  to  make  transportation  to  the 
realms  beyond  as  safe  and  easy  as,  unfortunately,  it  is  rapid.  Show 
me,  if  you  can,  drawings  of  an  elevated  road  that  is  not  very  low  and 
very  narrow  in  presence  of  the  Methodist  highway.     Where  have  you 
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devised  a  tunnel  that  will  not  metaphorically  "hide  its  diminished 
rays"  before  the  shaft  that  Universalists  and  Unitarians  have  driven 
straight  through  the  theological  mountains  that  generations  had  been 
forced  to  cl  imb?  Let  me  ask  you  in  all  seriousness,  if  the  Hennepin 
canal  scheme  can  compare  with  the  Baptist  waterway,  or  our  astute 
drainage  commissioners  devise  such  a  disposition  of  the  sewage  of  a 
great  city  as  the  Salvation  Army?  Why  Gentlemen,  now  that  I  be- 
think myself,  I'm  quite  at  home  in  your  midst  to-night,  and  altogether 
inclined  to  receive  all  of  you  into  full  fellowship.  Having  thus  es- 
tablished my  position  in  the  profession  in  a  way  that  I  trust  is  entirely 
satisfactory  to  us  all,  permit  me  to  say  that  the  real  meaning  of  our 
work  first  dawned  upon  me  some  three  years  ago,  in  the  Republic  of 
Honduras,  as  I  rode  upon  the  overland  express  of  the  Honduras  and 
Inter-Oceanic  Railroad.  May  I  describe  this  flyer?  First  of  all  was  a 
wheezy  little  old  engine,  at  the  throttle  of  which  stood  a  driver  (we 
engineers  call  him  nothing  else)  as  black  as  Erebus,  but  the  very  soul 
of  good  humor.  Two  natives  sat  in  front,  where  the  pilot  had  once 
been,  with  a  box  of  sand  between  them,  which  they  applied  to  the 
track  as  occasion  demanded.  Back  of  the  engine,  were  a  few  of  the 
most  unutterably  forlorn  looking  old  flat  cars  that  the  eye  of  mortal 
ever  saw,  where  the  second  class  passengers  rode  in  the  boiling  sun  with 
the  freight.  The  train  concluded  with  the  first  class  coach.  A  cen- 
tury old  it  seemed,  for  every  joint  yawned  and  all  the  windows  were 
broken.  A  long  wooden  bench  stretched  from  one  end  to  the  other  on 
the  larboard  side.  A  similar  device  had  ornamented  the  starboard 
side  when  the  morning  stars  sang  together,  but  at  the  time  of  my 
visit,  lay  prone  amidst  the  cigar  stubs  and  broken  pottery  with  which 
some  generations  of  Honduras  travellers  had  strewn  the  floor.  There 
was  not  a  brake  on  the  entire  train  or  a  car  that  seemed  able  to  move 
without  failing  to  pieces,  and  I  doffed  my  hat  before  the  hoary  old 
ruins  with  a  reverential  awe  that  my  accident  insurance  policies  did 
not  ameliorate.  The  conductor  of  this  rare  aggregation  of  antiquities 
was  a  tall,  sunburned  specimen  of  humanity  in  linen  clothes  and  straw 
hat  who  hailed  from  Chicago,  as  genial,  as  honest  and  as  lazy  a  man 
as  ever  pulled  a  bell  cord  or  punched  a  ticket.  He  looked  and  acted 
as  if  born  with  his  train,  seemed  just  as  likely  to  fall  into  pieces,  and 
fitted  into  the  hot  sun  and  waving  palms  of  the  tropics  as  nicely  as 
though  the  energy  and  push  of  great  Chicago  had  never  warred  about 
him.  Well,  after  an  amount  of  whistling  that  left  only  steam  enough  for 
an  asthmatic  wheeze,  the  little  engine  pulled  out  of  the  station.  We 
soon  stopped,  however,  to  fill  up  the  sand  box  on  the  pilot.  Another 
move,  and  we  stopped  for  wood.  Then  we  stopped  while  the  conduc- 
tor hunted  up  a  carpenter,  and  gave  him  time  to  repair  the  first  class 
coach.     We  stopped  for  water.     We  stopped  to  give  me  an  opportun- 
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ity  to  take  some  photographs.  We  stopped  for  dinner.  We  stopped 
while  the  conductor  escorted  a  drunken  passenger  to  his  home  hard 
by  the  railroad  track,  and  had  a  little  visit  with  the  family.  We 
stopped  to  get  the  train  on  the  track.  We  stopped  to  get  a  drink.  We 
stopped  just  for  the  fun  of  the  thing.  Why  there  were  more  stops  to 
that  train  than  to  any  grand  organ  that  I  ever  saw,  and  at  every  stop 
when  we  were  ready  to  get  under  way,  the  little  old  engine  whistled 
itself  into  the  whooping  cough,  arid  the  big  conductor  ran  around  in 
the  woods  or  through  the  village  as  the  case  might  be,  and  escorted 
us  back  to  the  palace  car.  But  the  road  bed!  O!  shades  of  Eads  and 
Cooley  and  all  the  rest  of  us!  That's  what  gave  me  a  passion  for  en- 
gineering-. It  danced  up  and  down  like  a  Norman  colt  on  a  frosty 
morning.  It  dodged  in  and  out  in  a  way  that  made  me  dizzy  to  con- 
template, and  the  iron  lay  upon  it  in  angles  and  curves  that  resembled 
the  handwriting  of  Horace  Greely.  But  like  theCunard  line  the  Hon- 
duras and  Inter-Oceanic  has  never  lost  a  man,  and  with  unswerving 
faith  in  destiny,  I  held  on  while  the  old  caboose  squeaked  and  rattled 
and  thumped  and  banged  and  stopped  for  nine  mortal  hours  over  thirty- 
seven  miles  of  jagged  iron.  Talk  about  the  blue  laws,  witch  burning 
and  the  inquisition!  The  civil  engineering  that  evolved  a  road  like 
that,  that  will  lacerate  a  man's  body  and  harrow  his  soul  and  destroy  his 
piety,  that  will  set  his  head  and  stomach  to  aching  and  make  him 
sea  sick  and  home  sick  and  heart  sick,  if  not  worthy  a  place  beside 
the  most  lurid  theology  of  the  time,  is  at  least  well  fitted  to  attract 
attention,  and  it  was  months  before  I  could  meet  a  civil  engineer  with- 
out having  a  good  deal  of  sympathy  for  myself. 

Two  weeks  after  I  stood  upon  the  banks  of  the  Rio  Copan,  looking 
upon  such  a  scene  as  I  had  never  faced  before.  Round  about  me  tow- 
ered huge  stone  monoliths,  in  exquisite  design,  and  to  my  right,  there 
rose  above  the  river,  a  massive  pyramid  of  cut  stone  that  seemed  com- 
panion to  the  mountains  that  looked  down  iu  rugged  majesty  upon  the 
scene.  All  about  me  were  crumbling  walls,  running  off  in  every  di- 
rection through  the  dismal  solitude  of  the  tropical  forest,  and  for  mi  les 
the  country  was  covered  with  shattered  pyramids  and  broken  columns 
and  pieces  of  figures  and  carving.  There  was  no  human  habitation 
near,  nor  trace  that  man  had  made  his  abode  in  that  neglected  desola- 
tion for  many  a  century.  As  I  rode  into  the  ruins  of  the  once  splendid 
amphitheatre  of  the  wonderful  temple,  three  wild  deer  were  feeding 
amidst  the  broken  fragments  of  the  art  that  had  made  it  exquisite  be- 
fore Abraham  left  Ur  or  Pharaoh  worshipped  Isis.  There  are  records 
of  great  Rome,  of  queenly  Tyre  and  cruel  Carthage.  The  bricks  of 
Babylon  tell  some  story  of  the  hands  that  heaped  them  into  magnifi- 
cent vastness.  Egypts  pyramids  and  paintings  are  vocal  with  the 
thought  of  ancient  priest  and  king.       But  there,  in  the  solemn  magni- 
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licence  of  a  tropical  forest,  beneath  the  waving  palms  and  giant  trees 
that  shroud  them  in  eternal  gloom,  as  voiceless  as  the  grave  and  mys- 
terious as  death  itself  lie  the  mangled  ruins  of  an  empire  whose  very 
name  has  perished  from  the  earth.  I  clambered  up  to  the  summit  of  the 
temple  and  looked  beyond  the  valley  in  which  that  mysterious  past  is 
buried.  Everywhere  were  the  mountains.  Giant  behind  giant!  Land 
billow  heaped  upon  land  billow  in  the  very  perfecton  of  infinite  chaos. 
Why  it  seemed  as  if  in  the  years  agone  the  earth  had  melted  from  the 
unseen  fires  beneath,  and  boiled,  until  the  land  on  which  I  looked  was 
a  monstrous  chaldron,  rocking  and  heaving  and  roaring  until  its  in- 
fernal billows  tossed  their  rag'ged  crests  against  the  sky,  and  then,  in 
an  instant,  a  cold  breath  from  the  mouth  of  God  had  turned  them  in- 
to granite  as  they  were,  and  left  them  yawning  in  their  rigid  death, 
until  kindly  nature  pitying  the  sterile  waste,  had  painted  it  in  red 
and  white  and  green  and  gold,  and  melted  all  the  bald  sublimity  of 
the  scene  into  a  sea  of  color.  This,  all  this  was  God's  setting  to  the 
single  human  thought  that  had  defied  the  centuries.  Science  had  per- 
ished. Literature  was  buried.  Art  was  obliterated  and  even  religion 
had  faded  from  tradition.  Earthquake  and  tempest,  and  fire,  the 
whirlwinds  of  savage  war  and  none  know  what  beside,  had  swept 
the  empire,  and  century  after  century,  had  buried  it  deeper  and  deep- 
er yet  in  oblivion,  but  still  unmoved,  and  today  akin  to  eternity,  out. 
of  it  all  rose  the  aqueducts,  the  walls  and  the  huge  old  temple,  the  im- 
perishable thought  of  the  civil  engineer.  Centuries  before  the  red 
man  began  chasing  the  bison  over  the  prairies  of  this  continent,  per- 
haps centuries  before  history  was  thought  of,  there  lived  between  these 
oceans  an  innumerable  people,  far  advanced  in  all  that  goes  to  make 
a  civilization.  The  altar  fires  of  a  great  religion  shone  from  the  Rock- 
ies to  the  Alleghanies  over  the  busy  millions  who  toiled  in  the  fields, 
or  labored  in  the  crude  manufactories.  The  rivers  carried  commerce 
from  the  lakes  to  the  gulf,  and  armies  garrisoned  fortresses  upon  the 
hill  tops  or  marched  to  meet  and  conquer  from  the  north  to  south. 
How  do  we  know  this?  Religion?  It  has  perished.  Science?  It  has  perish- 
ed. History?  It  has  perished.  Tradition?  It  has  perished.  Everything 
has  perished  and  the  knowledge  of  the  race  would  have  followed  the 
race  itself,  but  for  the  mines,  the  limitless  embankments  and  the  huge 
old  mounds,  the  outputtings  of  the  immortal  thought  of  the  civil  engi- 
neei\  What  light  do  the  conflicting  lists  of  unpronounceable  king 
names  shed  upon  the  morning  splendor  of  Egypt?  You  must  stand  and 
read  the  thought  of  the  civil  engineer,  as  it  towers  in  the  giant  pyra- 
mid, if  you  would  understand  her  greatness.  What  do  we  know  with 
certainty  of  infant  Bab3Tlon,  until  we  turn  from  the  bewildering  mass 
of  contradictions  that  we  have  been  taught  to  call  history,  and  begin 
to  study  the  thought  of  the  civil  engineer  on  the  banks  of  the  Euphra- 
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tes?  And  last  of  all,  Gentlemen,  and  in  my  eyes  it  lends  supernal 
dignity  to  your  honorable  profession,  how  could  we  establish  the  truth 
of  our  sublime  old  testament,  had  not  civil  engineers  clothed  their 
thought  in  stone  and  earthwork,  to  rise  up  in  the  nineteenth  century 
with  a  grand  amen,  to  the  truth  of  God.  The  orator  writes  his  thoughts 
upon  human  hearts.  The  philosopher  engraves  his  ideas  in  human 
lives.  The  artist  puts  his  being  upon  canvas  and  the  poet  and  the 
scientist  transcribe  their  thinking  on  the  printed  page.  History  is  on- 
ly type  and  ink  and  tradition  human  memory.  But  hearts  cease  to 
beat  and  lives  go  out.  Canvas  moulders  to  decay  and  books  soon  per- 
ish. But  earth  and  granite  and  iron  and  oak  and  steel  that  knit  them- 
selves together  to  mirror  the  mind  of  the  engineer,  they  are  eternal. 
Did  time  permit,  I  should  be  glad  to  refer  to  the  magnificent  work 
that  you  have  done.  The  railroads,  those  links  of  steel  that  marry  the 
oceans;  the  colossal  bridges,  whose  massive  weight  you  have  founded 
upon  stability  below  the  river  sands;  the  wondrous  shafts  throug'h 
granite  mountains  and  under  straits  and  rivers,  to  relieve  the  congest- 
ed veins  and  arteries  of  commerce;  the  harbors  and  the  water  ways; 
all  those  splendid  triumphs  that  your  tireless  thinking  has  acheived, 
until  it  seems  as  if  you  had  harnessed  boundless  Nature  to  your  work. 
Sometimes  we  ascribe  these  monuments  to  the  capital  that  pays  for 
the  dirt  that  is  digged  and  the  rocks  that  are  piled,  or  fancy  that  they 
who  seem  to  control  the  mechanical  details  deserve  the  mead  of  praise. 
That  which  we  see  and  hear  often  fills  our  thinking  till  we  overlook 
the  fact  that  the  omnipotent  forces  are  the  unseen  and  silent  ones. 
Earthquake  and  tempest  and  fire  and  flood  are  childs  play  beside  the 
solemn  grandeur  of  gravitation  that,  all  unseen,  makes  unity  of  the 
tangled  splendor  of  a  blazing  universe.  No  greater  is  the  hod  carrier, 
the  contractor  or  the  capitalist  in  presence  of  the  engineer.  From  the 
great  pyramid  to  the  Brooklyn  bridge,  all  material  monuments  of 
civilization  have  been  builded  in  the  brain  of  a  thoughtful  man  un- 
seen and  often  unrewarded  of  the  world,  before  common  labor  brought 
them  to  the  public  view  in  stone  and  earth  and  steel.  And  when,  in 
years  to  come,  another  age  looks  on  these  works  of  yours,  the  inquiry 
will  be,  not  who  builded,  but  who  devised,  and  the  honorable  tribute 
will  be  laid  at  the  feet  of  him  whose  thought  made  these  monuments  a 
possibility. 
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Report    of   a    Committee   of    Western   Society    of    Engineers. 


DISCUSSION. 


Horace  E.  Horton, — February,  3,  1892. 
We   find  in  the  report  of  the  Committee  on  Bridge  Legislation  the 
statements: 

(1)  "It  is  with  the  highway  bridges  that  the  greater  risks  of  disas- 
ters have  been  incurred." 

(2)  "In  the  rural  regions,  highway  bridges  are  constantly  break- 
ing down." 

(3)  "An  unusual  load  or  combination  of  unfavorable  conditions  to 
cause  their  collapse." 

(4)  "County  authorities  are  frequently  gullible." 

(5)  "Road  roller." 

(6)  "Pools." 

(7)  "To  this  unsafe  condition  of  affairs  there  is  but  one  remedy. 
It  is  to  follow  the  foreign  example:  to  place  the  building  and  'main- 
tenance of  highway  bridges  in  the  hands  of  expert  bridge  engineers, 
and  to  hold  them  responsible  for  the  results.  In  other  words,  in  or- 
der to  secure  safe  bridges  for  the  public,  the  owners  of  such  struc- 
tures must  be  compelled  by  law  to  intrust  their  construction  and  sup- 
ervision to  competent  persons.  This  is  what  has  been  done  in  Euro- 
pean countries,  and  this  is  what  will  have  to  be  done  in  the  United 
States." 

With  the  hope  of  showing  that  this  whole  subject  of  demand  for 
highway  bridge  legislation,  as  it  appears  in  the  United  States,  is  an 
out-growth  of  misdirected  energy,  with  disposition  to  serve  private 
ends,  coupled  with  little  or  no  knowledge  of  the  subject  under  discus- 
sion, the  following  is  presented: 

(1)  "It  is  with  the  highway  bridges  that  the  greater  risks  of  dis- 
asters have  been  incurred:"    Say  the  committee. 

In  support  of  this  statement,  they  speak  of  the  fact  that  in  1873 
(18  years  ago),  The  American  Society  of  Civil  Engineers  appointed  a 
committee,  as  a  means  of  averting- bridge  accidents;  also  sundry  per- 
sons have  drawn  up  acts,  etc.,  for  the  regulation  of  the   business  of 

*  See  issue  of  November.  1891. 
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building  highway  bridges.  All  this  is  presented  to  establish  the  fact 
that  the  highway  bridge  is  less  safe,  under  its  traffic,  than  the  railway 
bridge. 

Let  us  investigate. 

I  have  never  seen  or  had  my  attention  called  to  a  highway  bridge 
using  metal  to  unit  strains,  of  20,000  lbs.  per  square  inch;— I  have  ne- 
ver seen  pins  bent  in  a  highway  bridge; — have  never  known  rivets  to 
shear  in  a  highway  bridge. 

It  is  difficult  to  find  a  railroad  without  bridges,  in  current  use,  with 
metal  strained  to  20,000  lbs.  per  square  inch,  also  pins  and  rivets  out 
of  condition. 

There  are,  at  least,  ten  times  as  many  highway  bridges  in  the 
country,  as  railway  bridges.  With  this  disproportion  of  numbers, 
while  (as  our  committee  state)  several  of  our  states  have  found  it 
necessary  to  regulate  the  building  of  railway  bridges,  none  have  in- 
terfered as  to  the  building  of  highway  ones.  It  is  the  "Logic  of  Nec- 
essity."   Railway  bridges  have  failed,  and  the  highway  one   has  not. 

I  will  attempt  to  locate  ten  failures  of  railway  bridges  to  one  fail- 
ure of  a  highway  bridge,  within  a  term  of  ten  years  past.  This  makes 
the  percentage  of  railway  bridge  disasters  over  one  hundred  times 
as  great  highway  ones.  Those  that  result  fatal  to  human  life  are 
even  much  greater. 

What  a  field  would  the  railway  bridge  disasters  furnish  for  some 
tireless  and  persevering  party,  with  the  quality,  which  has  been  fitly 
termed  "pernicious  activity,"  and  so  energetically  displayed  by  the 
commentators  on  highway  bridge  building. 

The  committee  have  made  quite  the  usual  mistake  of  assuming 
the  working  loads  of  railway  and  highway  bridges,  as  two  to  one,  in- 
stead of  twenty  to  one,  as  they  are. 

Look  at  a  100  ton  locomotive,  and  then  at  the  farmer's  team  and 
two  horse  wagon. 

Increase  the  strength  of  railway  bridges  by  a  ratio  of  ten,  or  divide 
by  ten  your  standard  for  a  highway  bridge. 

The  gauge  of  comparison,  as  between  the  railway  and  highway 
bridge,  is  the  committee's  work  not  mine,  however,  as  I  find  it  con- 
venient, shall  use  it  freely. 

(2)  "In  the  rural  regions,  highway  bridges  are  constantly  breaking' 
down." 

No  one  has  shown  or  can  show  the  actual  failures  of  enough  high- 
way bridges,  within  any  given  period,  of  five,  ten  or  fifteen  years,  to 
justify  suspicion  of  the  highway  bridge  as  a  class. 

If  the  committee  have  observed  the  newspaper  accounts  of  this 
class  of  failures,  as  they  indicate,  it  surely  would  not  have  been  out 
of  place  for  them  to  have  brought  to  our  attention  ten,  five,  two  or 
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one  such  statement  of  failure.  I  challenge  the  committee  or  others 
for  data,  showing  failures  of  highway  bridges. 

It  would  have  been  instructive,  if  the  committee  had  instanced  more 
than  one  failure,  and  that  of  some  twenty  years  ago;  of  the  days,  when, 
both,  in  the  highway  and  railway  bridge  practice,  it  was  accepted  that 
a  patent  right  overcame  the  force  of  gravity. 

If  one  were  going  back  in  history,  the  failure  at  Ashtabula,  surely, 
will  overmatch  the  Dixon  one.  St.  Charles,  Missouri,  furnishes  an  ex- 
ample, with  which  there  is  nothing  in  the  highway  business  to  com- 
pare.— either  in  the  matter  ef  breaking  down  or  the  reports  of  the  ex- 
perts. 

Surely,  if  "highway  bridges  are  constantly  breaking  down,"  some 
one  can  locate  the  disasters  more  definitely,  than  observing  "news- 
paper reports."  Facts  would  be  useful  in  support  of  as  broad  a  state- 
ment as  this  of  the  committee. 

(3)  "An  unusual  load  or  combination  of  unfavorable  conditions  to 
cause  their  collapse?" 

No  one  will  question  this  proposition  of  the  committee's  that  the 
highway  bridge  will  fail.  It  is  the  assumption  that  the  highway 
bridge,  and  the  highway  bridge  alone,  is  the  only  structure,  which 
must  be  able  to  withstand  a  "combination  of  unfavorable  conditions," 
that  is  objectionable,  it  is  not  fair  to  expect  more  of  the  highway 
bridges,  than  any  of  the  other  works  of  man. 

Even  the  works  of  God  only  await  the  same  "combination  of  un- 
favorable conditions  to  collapse." 

From  nry  observation  of  human  works,  it  is  accepted,  that,  if  pro- 
babilities are  fully  provided  for,  chances  may  be  taken  with  possi- 
bilities. 

What  more  than  probabilities  are  provided  for  in  the  railway 
bridges,  even  those  built  under  state  supervision? 

If  there  is  a  necessity  calling  for  bettering  our  bridge  structures,  is 
it  not  in  the  direction  that  the  passenger  in  the  railway  coach  shall  have, 
approximately,  the  same  chances  with  a  train  derailed  on  a  bridge,  as 
though  the  accident  occurred  on  level  ground?  Yet,  the  fact  estab- 
lished, that  the  train  is  merely  off  the  rails  on  a  bridge  is  accepted, 
without  question,  as  sufficient  cause  for  a  collapse,  without  inquiry 
as  to  the  strength  of  the  bridge  itself,  and  it  is  rebuilt,  ignoring  the 
possibility  of  the  same  "combination  of  unfavorable  conditions"  etc. 

Which  is  likely  to  occur  first,  railway  trains  off  the  track  on  1000 
bridges,  or  one  highway  bridge  with  load  of  amount  as  specified  by 
the  commentators?  I  believe  that  a  careful  investigation  of  this  proposi- 
tion will  be  somewhat  in  the  way  of  a  liberal  education  to  those  engi- 
neers who  have  been  watching  for  highway  bridges  to  fail,  when  the 
humiliating  fact  remains  that  they  have  not. 
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(4)  "County  authorities  are  frequently  gullible,"  which  is  un- 
doubtedly true. 

Observation  would  lead  me  to  conclude  that  there  are  other  per- 
sons "gullible." 

The  bible  tells  us  of  the  party  who  "stood  and  prayed  thus  with 
himself:    God,  I  thank  thee  that  I  am  not  as  other  men  are." 

It  happens  that  we  have  the  same  class  of  individuals  on  earth  at 
this  time;  in  how  many  walks  and  callings  of  life  he  may  be,  I  know 
not,  but  I  know  him  to  be  in  the  bridge  business.  He  carries,  as  a 
large  proportion  of  his  capital  in  business,  the  assurance  that  his 
works  are  perfect,  and  that  certain  other  parties'  works  are  very  dis- 
reputable. 

It  may  be  a  pertinent  inquiry,  to  ask  how  much  of  the  committee's 
knowledge  of  the  "gullibility"  of  county  authorities  comes  from  the 
pharisee  bridge  builder. 

Engineers  are  not  generally  employed  by  county  authorities  in  let- 
ting- bridge  work.  More  than  likely  because  their  counsel,  has  not 
been  of  value,  as,  not  infrequently,  county  authorities  have  learned 
to  their  cost. 

"We  enjoy  the  thought  that  engineering  is  a  science.  Our  senti- 
ments are:  "We  labor  for  economy  of  time,  power  and  matter."  We 
know  that  engineers  are  "skilled  in  the  elements  of  nature,  and  making 
them  subservient  to  the  uses  of  man,"  and,  yet,  we  have  seen  repeated 
examples  of  engineers  in  firmly  intrenched  positions  following  their 
emotions  as  far,  quite  likely,  as  any  "gullible"  public  official. 

In  support  of  this  statement,  would  call  attention  to  two  bridges, 
shown  the  society  as  models,  on  the  society's  excursion  last  Septem- 
ber. In  one  was  eccentricity  of  attachment,  and  in  the  other,  trian- 
gulation  was  so  arranged  as  to  develope  ambiguity  in  action  of  force 
through  the  frame.  From  a  mechanical  point  of  view  only,  the  ec- 
centricity and  ambiguity  were  in  no  way  serious,  as  the  maximum 
strains  could  be  readily  determined,  which,  undoubtedly,  has  been 
done.  The  extra  metal  required,  due  to  the  eccentricity  and  ambiguity, 
in  each  case,  however,  would  cost  more  money  than  the  cost  of  the 
average  highway  bridge  of  the  United  States. 

It  is  impossible  for  the  engineer,  whose  experience  has  been  in  de- 
signing structures  for  corporations  with  capital  in  the  millions,  to  de- 
sign a  bridge  for  a  country  community,  and  not  make  waste. 

It  is  also  impossible  for  an  engineer,  without  knowlege,  to  give  ad- 
vice worth  money. 

The  "gullible"  commissioner  has,  in  the  main,  got  on  to  these  facts, 
and  does  business  with  the  bridge  builder. 

The  highway  bridge,  as  built  in  the  United  States,  is  not  ideal,  but 
useful. 
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That  it  is  as  efficient  as  it  can  be  made  for  the  money  invested,  I 
am  prepared  to  maintain. 

That  there  is  a  class  of  men  in  the  country,  other  than  the  ones  de- 
signing and  building  these  bridges,  who  can  improve  them,  will  have 
to  be  shown  by  more  than  mere  statement  to  change  the  practice. 

The  highway  bridges  are  built  in  open  competition,  and  results  in 
a  "survival  of  the  fittest." 

All  have  a  right  to  compete.  Any  engineer,  who  feels  a  call  to  be- 
come a  bridge  builder,  finds  an  open  field,  and  a  fair  chance.  It  is  only 
the  Pharisee  bridge  builder  who,  in  his  assumption,  finds  cause  for 
complaint.     Competition  affects  him  unpleasantly. 

I  have  an  acquaintance  with  the  men,  in  the  United  States,  who 
have  designed,  supervised  and  built  the  highway  bridges.  They  are 
as  capable,  conscientious,  painstaking  class  of  men  as  can  be  found  in 
any  business.  They  are  as  thoroughly  posted  in  the  technics  of  their 
work,  as  engineers  in  any  other  special  line. 

True,  they  have  not  followed  the  example  of  that  valuable  domes- 
tic fowl,  the  hen,  who,  when  her  work  is  done,  loudly  calls  the  atten- 
tion of  the  universe  to  her  achievements. 

In  reviewing  the  names  of  the  commentators,  that  is,  the  gentle- 
men who  have  written  proposed  laws  to  regulate  the  building  of  high- 
way bridges,  as  well  as  the  gentlemen  who  have  written  specifications 
on  the  same  subject,  I  fail  to  find  the  name  or  names  of  any  of  the  men 
who  have  designed,  supervised  or  built  the  highway  bridges  of  the  coun- 
try or  any  appreciable  portion  thereof;  but  I  do  recognize  the  names  of 
professors,  without  practical  knowledge  or  experience  in  engineering 
work,  railroad  engineers,  consulting  engineers  with  experience  in  1'ail- 
road  work  and  engineers  without  experience. 

Who  are  the  experts  in  highway  bridge  building? 

If  not  the  men  who  have  designed,  supervised  and  built  the  struct- 
ures. Are  the  railroad  and  consulting  engineers,  who  in  their  moments 
of  relaxation,  have  from  their  inner  consciousness  evolved  specifica- 
tions for  building  highway  bridges;  or  are  the  gentlemen,  who  have 
written  proposed  laws  (the  gentlemen  who  accomplish  their  engineer- 
ing works  by  cackling)  the  experts? 

The  business  is  a  small  one,  in  the  amount  of  money  used  for  each 
crossing.  It  is  a  small  one,  because  the  local  communities,  who  pay 
for  their  work,  have  but  small  resources  and  their  ways  of  life  are 
simple  and  small. 

This  phase  of  the  bridge  business,  I  think  our  committee  and  com- 
mentators have  neglected.  To  make  this  clear,  will  cite  a  case  of 
personal  observation. 

A  congressional  township  (six  miles  square)  with  an  assessed  valua- 
tion of  <jj>3S,000,  had  a  stream  running  through   it   requiring  a   200    ft. 
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bridge;  at  medium  low  water  the  stream  could  be  forded,  but  with  a 
rise  of  one  foot  it  was  dangerous. 

Within  ten  years  preceding  the  building  of  the  bridge,  three  peo- 
ple had  been  drowned  (one  each,  on  three  separate  occasions)  in  at- 
tempting to  ford  the  stream. 

With  all  available  funds,  and  all  ability  for  contracting  a  debt,  the 
township  was  able  to  apply  $1,800  for  this  work.  It  seemed  to  be 
best  to  build  the  bridge  in  one  span. 

The  abutments  cost  $500.  A  200  ft.  span  was  built  for  $1300, 
(with  profit  to  the  builder)  which  has  served  eight  years,  with  every 
prospect  of  use  for  a  long  term  of  years  in  the  future. 

The  thought  comes  to  me:  What  would  the  engineers  of  legislation 
have  done  with  a  case  like  this.  Would  they  have  insisted  on  this 
community  continuing  to  take  chances  on  the  ford,  or  have  taken 
themselves  out  of  the  way,  and  allowed  a  man,  with  knowledge  of 
how  to  do  it,  to  build  a  bridge? 

The  case  cited  above  is  only  an  exceptional  one,  in  so  far  as  number 
of  persons  drowned  for  the  want  of  a  bridge. 

Bridges  without  number  are  built  for  our  townships,  which  cost 
three  per  cent,  of  the  assessed  valuation,  when  designed  for  the  traffic 
of  the  particular  locality,  only. 

If  the  structures  had  to  be  built  to  the  specifications  of  the  com 
mentators,  they  would  cost  ten  per  cent,  of  the  assessed  valuation,  an 
amount  entirely  out  of  the  power  of  the  community  to  apply  to  the 
purpose,  compelling  them  to  continue  the  use  of  the  periodically  im- 
passable and  dangerous  fords,  while,  now,  they  are  passing  over  in 
comfort,  unconscious  of  danger  from  the  stealthy  approach  of  the 
destructive  enemy  of  highway  bridges. 

(5)     "Road  Roller."    The  Bogie  of  the  legislative  engineers. 

Of  its  use  in  country  districts,  I  must  confess  ignorance,  as  I  do  not 
know  of  a  road  roller  other  than  in  a  city  of  at  least  50,000  inhabitants; 
however,  it  has  been  suggested  to  me  that  if  road  rollers  have  to  be 
provided  for,  the  most  economical  way,  usually,  will  be  to  purchase 
increased  numbers  of  road  rollers,  and  confine  their  ravages  to  stretch- 
es of  roads  between  bridges,  rather  than  to  build  structures,  so  that  the 
roller  would  pass  over  them  in  a  manner  quite  satisfactory  to  the  gen- 
tlemen, who  have  nothing  to  do  with  paying  for  the  bridges.  How- 
ever, if  any  country  district  has  a  road  roller,  and,  also,  a  bridge,  do 
not  understand  that  the  duties  of  the  roller  require  it  to  make  as  fre- 
quent and  regular  trips  as  the  stage  coach,  or  even  as  frequent  as  the 
farmer  hauling  his  produce  to  market,  or  that  it  would  come  under 
the  head  of  public  travel  at  all;  but  if  the  owner  of  the  roller,  occa- 
sionally, found  it  desirable  or  necessary  to  take  it  across  his  own  bridge, 
he  could  be  trusted  to  do  it  in  a  prudent  and  careful  manner,  and,  on 
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these  occasions,  should  the  metal  be  strained  ninety  per  cent,  of  its 
elastic  limit,  it  would  then  be  strained  for  once,  to  an  amount  we  know 
occurs  on  many  of  our  railroad  bridges  with  the  passage  of  each  train. 

(6)  "Pools." 

By  implication,  the  committee  would  have  us  infer  that  the  engi- 
neer has  concealed  about  his  person  the  ability  to  correct  pooling,  as 
well  as  to  avert  bridg'e  accidents;  what  basis  they  have  for  this  con- 
clusion, they  do  not  make  clear. 

To  expect  the  counsel  of  engineers  to  be  of  use,  we  must  assume 
that  there  is  no  pooling  on  works  with  which  engineers  have  to  do; 
but  comment  in  this  connection,  is  entirely  unnecessary. 

I  cannot  but  feel  it  inconsistent  of  the  committee  to  object  to  con- 
tractors pooling,  when  arguing  for  class  legislation  in  support  of  en- 
gineers, which,  if  it  ever  amounts  to  anything,  would  make  a  better 
pool,  and  a  cleaner  rake  off  than  anything-  the  highway  bridge  builder 
ever  aspired  to. 

Reference  is  made  to  sundry  writers.  One  tells  us  of  collusion  be- 
tween contractors  and  public  officials,  showing  that  the  writer  had 
familiarized  himself  very  fulky  with  the  thoughts  of  boodle,  and  had 
got  himself  in  a  dangerous  state  of  mind.  I  have  come  to  be  some- 
what suspicious  of  those  who  discover  only  evil  in  their  fellow  men. 

When  a  man  says  that  the  business  of  highway  bridge  building  is 
done  by  collusion  between  contractors  and  the  officials,  knowing  as  I 
do,  that  the  writer  is  either  mistaken  or  misstates  the  facts,  the  con- 
clusion naturally  follows:  the  party  is  too  fresh  or  the  statement  is 
made  as  a  fence. 

I  must  ask  the  committee  to  disavow  any  indorsement  of  the  article 
as  it  appears  in  the  Engineering  News  of  March  22nd,  1890.  As  the  re- 
port stands,  it,  by  implication,  charges  the  highway  bridge  builders, 
as  well  as  public  officials,  with  corruption;  not  by  specific  statement 
of  time  and  place,  but  by  insinuation,  which,  surely,  is  beneath  the 
Society  to  consider. 

(7)  "'To  this  unsafe  condition  of  affairs  there  is  but  one  remedy. 
It  is  to  follow  the  foreign  example:  to  place  the  building  and  mainten- 
ance of  highway  bridges  in  the  hands  of  expert  bridge  engineers,  and 
to  hold  them  responsible  for  the  results.  In  other  words,  to  secure 
safe  bridges  for  the  public,  the  owners  of  such  structures  must  be  com- 
pelled by  law  to  entrust  their  construction  and  supervision  to  com- 
petent persons.  This  is  what  has  been  done  in  European  countries, 
and  this  is  what  will  have  to  be  done  in  the  United  States,"  is  the 
committee's  comment,  on  the  fact  that  the  only  appalling  highway 
bridge  disasters,  within  recent  years,  comes  to  us  from  Europe. 

I  have  read  and  reread  with  some  care  the  committee's  report  in  con- 
nection  with  what   has  been  done   in  foreign  countries   in  the  way  of 
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bridge  legislation.  Continental  Europe,  with  strong  centralized  gov- 
ernments, assumes  parental  charge  of  the  matter  of  bridge  building. 

Great  Britain,  with  a  government  more  like  our  own,  builds  high- 
way bridges  under  the  direction  of  the  local  authorities,  exactly  as 
they  are  built  in  the  United  States.  We  find,  however,  that  the  gov- 
erment  has  been  compelled  to  take  charge  of  the  building  of  the  rail- 
road bridges. 

In  Continental  Europe,  the  government  pays  for  the  bridges. 

In  Great  Britain  and  the  United  States,  the  local  communities  pay 
for  the  bridges.  In  New  England  and  that,  which  emanates  more  di- 
rectly therefrom,  this  subdivision  is  carried  down  to  the  township. 

For  the  committee  to  conclude  that  we  are  likely  to  accept  state 
regulation  of  expenditure  of  funds  of  the  local  community,  is  not  Amer- 
ican. 

There  is  little  doubt  as  time  goes  on, and  our  country  comes  to  have 
larger  resources,  that  all  classes  of  work  will  be  more  elaborately 
constructed. 

The  highway  bridges  of  Europe  were,  essentially,  built  of  brick 
and  stone,  years  before  the  legislative  engineer  appeared  on  earth. 

I  have  no  doubt  when  our  civilization  shall  have  run  another  thou- 
sand years,  that  the  practice  of  highway  bridge  building  will  be  modi- 
fied; in  what  directions  and  on  what  lines,  I  have  no  disposition  to  spec- 
ulate. 

The  statement  further,  by  implication,  says  that  the  highway 
bridges  in  the  United  States  are  not  supervised  by  competent  persons. 
The  same  thought  is  voiced  in  a  number  of  places  in  the  report. 

Have  the  committee  been  careless  in  their  statements  or  shall  I 
(having  built  thousands  of  highway  bridges,  and  never  having  occasion 
to  apologize  for  a  failure  either  in  design  or  execution)  thank  God  for 
his  mercy  (being  incompetent)  it  is  only  by  the  interposition  of  Provi- 
dence that  these  works  have  developed  into  bridges  instead  of  hetchels. 

In  general,  I  think  if  the  committee  had  shown  us  where  one  person 
had  been  injured  by  the  failure  of  a  highway  bridge,  since  the  Dixon 
disaster,  their  case  would  have  been  stronger. 

Such  a  tale  of  woe  as  the  committee  tell  should  have  corroborated 
detail,  based  on  knowledge,  and  substantiated  with  specification; 
instead,  we  are  refreshed  with  estimated  failures,  for  want  of  the  act- 
ual article. 

They  have  given  us  much  in  the  way  of  abuse  of  the  highway 
bridge  and  the  highway  bridge  builders,  but  the  only  attempt  to  give 
us  any  statistics  of  the  insufficiency  of  the  highway  bridges,  is  quot- 
ing mere  statements  of  busy  bodies  who  never  have  informed  them- 
selves in  the  premises. 

All  statements  in  connection  with  insufficiency  of  highway  bridges 
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and  the  necessity  for  legislation,  is  in  connection  with  superstructures, 
and  those  of  over  14  ft.  to  20  ft.  spans,  ignoring  the  short  spans,  joists, 
flooring  and  substructures. 

A  very  large  per  cent  of  the  accidents  that  may  have  occurred  to 
highway  bridge  superstructures,  have  been  with  spans  under  these 
lengths  or   with  joists  and  plank. 

Again,  and  further,  there  is  many  times  the  money  directly  and  in- 
directly squandered  on  illy  designed  substructures  for  highway  bridges, 
to  the  amount  so  squandered  on  superstructures. 

These  facts  can  be  verified  by  the  Society  without  trouble.  If  our 
committee  had  spent  but  a  small  part  of  the  energy  at  home  that  they 
did  in  their  investigations  in  Europe,  they  would  have  discovered  that 
the  highway  bridge  floor,  on  remote  occasions,  breaks  through.  That 
many  piers  and  abutments  are  either  built  without  proper  foundations, 
or  are  not  carried  up  above  flood  line. 

To  have  found  a  failure  in  fact,  of  a  span,  a  truss  frame,  of  recent 
years,  would  have  been  more  trouble  than  to  have  carried  their  investi- 
gations, not  only  through  Europe,  but  Asia,  Africa,  Oceanica  and  all 
the  Americas,  and,  yet,  the  legislative  engineer's  attack  is  on  the 
spans,  the  truss  frame.     Why? 

One  of  the  committee  is  reported  as  saying  to  the  Society:  "The 
main  point  in  the  construction  of  highway  bridges, is  to  provide  that 
they  shall  be  built  by  engineers".  This,  as  we  well  know,  is  the  meat 
in  the  "chestnut". 

If  there  were  any  honest  purpose  on  the  part  of  the  legislative 
engineers  to  lessen  hazard  to  life  and  limb  or  save  money  to  the  treas- 
ury, what  care  would  there  be  whether  the  bridge  was  built  by  an 
engineer  or  blacksmith,  provided  the  bridges  built  were  good  ones. 

This  class  of  statements,  however,  is  both  useful  and  instructive, 
it  naturally  raises  the  question  whether  all  engineers  are  bridge  ex- 
perts. The  public  know  civil  engineers,  as  surveyors.  What  con- 
nection there  is  between  surveying  and  building  structures,  is  not 
clear.  Bridge  experts  are  known  as  engineers,  but  to  accept  all  engin- 
eers as  bridge  experts,  exhausts  courtesy. 

The  disposition  too  often  shown  by  engineers  to  accept  commissions 
for  works  with  which  they  are  unacquainted,  both  by  education,  ob- 
servation or  experience,  has  much  to  do  with  the  belittling  of  the  pro- 
fession. 

With  twenty-five  years  experience  in  highway  bridge  work,  I  make 
the  deliberate  statement:  where  eng-ineers  have  been  employed  as 
counsel,  said  counsel,  in  a  large  majority  of  cases,  has  been  of  no  use 
whatever;  further,  in  many  cases,  it  has  resulted  in  much  useless  cost 
to  the  community. 

The  public  would  be  justified  in  demanding  legislation  to  protect 
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them  from  the  engineers.  Do  not  understand  me  as  saying  engineers 
may  not  be  of  use. 

What  I  do  say  is,  that  most  of  the  engineers,  who  have  been  em- 
ployed, have  not  been  of  use. 

It  might  be  desirable  to  determine  whether  the  Society'  s  existence 
and  purpose  is  to  appear  as  the  "third  house"  of  a  legislature.  If  it 
is,  we  are  on  the  right  track. 

If  we  have  confidence  that  we  can  move  a  legislature,  let  us  not  be 
so  modest  in  our  demands  (which  only  appear  on  the  face  to  ask,  for 
engineers,  a  commission  on  the  money  spent  for  bridge  work). 

Why   not  have  all  the   money  legislated  into   the  engineers  hands? 

Bridges  cost  money. 

Money  is  useful  in  our  business. 

With  all  the  appropriations  for  bridges  in  our  hands,  we  would 
place  the  funds  where  they  would  do  the  most  good. 

However,  if  we  are  an  Engineering  Society  for  interchange  of 
thought  and  experience  in  engineering  works,  let  us  quit  trades-union 
methods. 

If  the  highway  bridge  is  under  investigation,  let  us  locate  failures, 
instead  of  estimating  them. 

If  the  knowledge  of  the  highway  bridge  builder  is  questioned,  show 
his  want  in  some  other  way  than  by  insinuations. 

If  we  believe  a  goodly  proportion  of  public  officials  are  "gullible", 
modesty  would  direct  us  not  to  proclaim  it.  Discretion  would  show 
us  the  danger  of  being  measured  by  the  same  gauge. 

It  is  only  the  daily  press  that  has  the  privilege  of  charging  corrup- 
tion, without  responsibility;    we  cannot  hope  to  compete. 

When  we  compare  the  methods  and  bridges  of  Europe  and  the 
United  States,  let  us  get  at  the  conditions,  as  well  as  general  rules, 
which  surround  the  works. 

Let  us  make  odious,  assumption,  cant  and  hypocrisy,  when  we 
find  them  either  inside  or  outside  the  Societ3T,  and  give  our  sympathy 
to  the  "gullible"  and  "incompetent." 

My  conclusions  are : 

(1)  It  is  with  the  railway  bridge  that  the  greater  risks  have  been 
taken,  and  greater  disasters  have  occurred. 

(2)  In  the  "rural  regions"  stands  the  highway  bridge,  to  refute  the 
assertion  of  its  insufficiency,  as  striking  an  example  of  the  force  of 
mind  over  matter  as  anything  our  civilization  has  evolved. 

(3)  The  experience  with  the  highway  bridge  fully  justifies  taking 
chances  on  "unfavorable  conditions",  when  normal  conditions  are 
abundantly  provided  for. 

(4)  Human  nature  repeats  itself:     County  authorities  and  engin- 
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eers  came  from  the  same  stock;  that  there  should  be  any  "gullible"  is 
to  be  regretted. 

(5)  Let  the  "road  roller"  roll. 

(6)  Our  committee's  and  commentator's  knowledge  of  pooling,  boo- 
dle and  corruption,  reflects  no  credit  upon  them. 

(7)  As  "this  unsafe  condition  of  affairs"  is  only  in  the  minds  of  a 
few  individuals,  I  can  only  conclude  that  the  brains  of  said  parties  are 
in  a  condition  of  unstable  equilibrium. 

It  would  be  the  irony  of  fate  for  the  state  to  pass  laws  regulating 
building  of  highway  bridges  with  the  attendant  state  engineer  etc. ,  to 
find  a  real  expert  in  the  position;  that  is,  the  "incompetent"  highway 
bridge  builder.  This  would  be  a  "combination  of  unfavorable  condi- 
tions", and  would  be  followed  by  a  "collapse"  of  the  engineers  of  leg- 
islation. 


SHOP  WORK  INSPECTION. 


By  A.  L.  Johnson,  Member  Engineers'  Club  of  St.  Louis. 


[Read  February  3,  1892.] 

A  conscientious  man  placed  in  a  shop  for  the  first  time  as  an  inspec- 
tor is  sure  to  have  trouble,  especially  if,  as  is  the  rule  in  such  cases, 
he  has  never  seen  a  shop  before.  He  does  not  know  what  he  wants  in 
the  first  place,  nor  how  to  get  it  in  the  second. 

It  is  certainly  however  a  very  good  experience  for  the  young-  man 
though  rather  hard  on  the  parties  to  the  contract. 

It  is  not  often  that  such  men  are  employed  now,  the  importance  of 
good  inspection  being  more  felt.  But  they  still  are  occasionally  and 
usually  too  on  large  contracts  where  in  particular  they  do  not  belong. 

The  amount  of  trouble  an  inspector  will  have  depends  on  his  dispo- 
sition. Some  well-meaning,  hard-working  men  are  utter  failures  be- 
cause their  disposition  is  such  that  they  can  not  ask  for  a  thing  in  such 
a  manner  that  it  leaves  no  doubt  that  it  must  be  done  and  at  the 
same  time  is  not  offensive.  And  as  may  be  readily  supposed  this  is 
not  an  easy  task.  An  inspector  is  by  nature  everybody's  scape  goat. 
He  realizes  this  and  it  is  apt  to  make  an  inexperienced  man  lose  heart 
in  the  conscientious  f  ullfilment  of  his  duty.  There  is  no  general  rule 
for  getting  along  well  with  the  contractor  and  at  the  same  time  get- 
ting good  work.  One  of  the  prime  essentials  is  that  an  inspector 
should  know  his  own  business  and  mind  it.  It  is  but  justice  to  the 
bridge  companies  to  say  that  a  man  so  qualified  can  get  as  good  work 
as  they  can  give  with  very  little  friction.     And  in  nearly  all  cases  the 
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man  who  lias  the  most  trouble  is  the  man  who  knows  the  least  about 
the  business. 

Consulting  engineers  do  not  usually  have  enough  of  this  work  to 
train  their  own  men  so  are  seldom  able  to  get  men  of  experience  out- 
side the  inspection  companies. 

A  word  about  these  companies.  They  have  some  advantages  and 
some  disadvantages.  Their  advantages  consist:  1st  in  their  ability  to 
do  the  work  very  cheaply,  and  2nd  in  being  always  able  to  put  on  the 
work  a  man  of  some  experience.  They  put  on  new  men  as  helpers  to 
the  man  experienced  and  so  are  able  to  train  their  men  very  cheaply. 

Their  disadvantages  are  many.  A  man  working  for  an  inspection 
company  is  not  apt  to  do  as  conscientious  work  as  if  he  were  working 
directly  for  the  engineer  in  charge.     Because: 

1st.  The  man  to  whom  he  is  responsible  never  sees  his  work.  He, 
at  most,  only  hears  of  it,  which  information  may  be  more  or  less  exag- 
erated  and  unreliable,  or  is  so  regarded,  and  allowances  made  therefor. 

2nd.  He  in  any  case  is  one  step  further  removed  from  the  conse- 
quences of  his  errors. 

3rd.     He  is  apt  to  be  kept  at  one  place  all  or  nearly  all  of  his  time. 

This  has  been  mentioned  by  some  as  one  of  the  advantages  of  com- 
pany inspection.  The  inspector  becoming  so  thoroughly  acquainted 
with  the  men  and  methods  of  the  shop.  Acquaintance  with  the  meth- 
ods is  very  well,  but  he  is  apt  to  become  too  familiar  with  the  men. 
He  becomes  one  of  them  and  so  loses  prestige. 

4th.  Many  companies  employ  largely  practical  men, who  have  no 
knowledge  of  the  manner  of  transmission  of  stress.  While  this  is  all 
right  for  mill  work  it  will  not  do  for  shopwork.  In  general  such  men 
are  failures.  Each  one  of  them  has  his  own  particular  hobby  which 
he  rides  at  the  expense  of  every  thing  else.  They  are  notanddonot 
know  how  to  be  even  and  uniformly  rigid  in  proportion  to  the  import- 
ance of  the  members  in  question. 

Every  inspector  in  order  to  keep  peace  in  the  family  has  at  times  to 
yield  certain  things  to  the  contractor  in  exchange  for  others  which  he 
especially  desires.  He  should  therefore  be  able  to  know  what  the  im- 
portant things  are  that  he  may  secure  them  and  allow  to  the  contractor 
those  which  may  facilitate  the  work  without  really  injuring  its  qual- 
ity. Thus  it  forms  a  kind  of  barter  and  sale  in  which  each  party  prof- 
its and  the  spirit  of  the  specifications  is  filled  though  the  letter  may 
sometimes  not  be  absolutely. 

Such  occasions  as  the  above  often  arise  when  a  mistake  has  been 
made.  For  example  a  piece  may  have  been  punched  wrong,  a  section 
of  a  girder  may  have  been  milled  too  short,  a  pin  hole  in  a  chord  sec- 
tion may  have  been  bored  £"  out  of  place,  etc.  This  latter  admits  of  no 
correction  but  it  is  sometimes  patched   up  nevertheless.     Such  and 
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similar  cases  are  constantly  arising  on  a  large  piece  of  work  and  the 
inspector  is  called  upon  to  pass  a  rapid  decided  judgment  upon  them. 
Often  there  are  several  things  which  might  be  done  and  he  must  decide 
in  a  very  few  minutes  which  is  best  for  that  particular  case,  taking 
into  account  the  condition  of  erection,  the  time  it  would  take  to  get 
new  material,  etc. 

It  is  safe  to  say  that  no  bridge  has  ever  yet  been  built  according  to 
the  drawings. 

For  this  reason  an  inspector  should  have  a  thorough  theoretical 
knowledge  of  the  communication  of  stress  as  also  a  practical  knowl- 
edge of  details.  The  order  of  the  different  processes  of  manufacture 
is  as  follows: 

1.  Marking  the  Material. 

2.  Rolling. 

3.  Straightening. 

4.  Marking  and  Shearing.  . 

5.  Inspecting. 

6.  Punching. 

7.  Straightening. 

8.  Reaming. 

9.  Assembling  and  Reaming  again. 

10.  Riveting. 

11.  Facing. 

12.  Boring.  }-  Shop  Work. 

13.  Finishing.     (Includes  hand  work  necessary 

to  finish  piece.) 

14.  Fitting  up. 

15.  Inspecting. 

16.  Oiling  or  Painting. 

17.  Shipping. 

Sometimes  the  first  process  in  the  shop  work  would  be  straighten 
ing.  If  for  instance  the  material  has  not  been  straightened  at  the 
mill  or  if  in  shipping  it  has  been  badly  handled.  Plates  especially  of- 
ten need  to  be  straig-htened  before  they  can  be  laid  off. 

The  inspection  is  put  toward  the  end  of  the  list.  This  does'nt  mean, 
of  course,  that  that  is  the  only  place  it  occurs. 

But  it  is  when  the  final  measurements  are  taken  where  the  defi- 
nite inspection  takes  place.  There  is  of  course  a  general  inspection 
through  all  the  processes  of  manufacture. 

In  testing  steel  it  is  customary  to  make  a  blow  test  on  a  f "  round 
made  from  each  heat  and  also  a  finished  material  test  for  each  heat. 

It  seems  to  the  writer  that  the  blow  test  is  not  essential  to  the  en- 
gineer. The  contractor  would  make  them  for  himself,  and  if  from 
these  he  finds  that  the  heat  is  not  such  as  will  probably  satisfy 
your  requirements  he  will  not  risk  a  considerable  sacrifice  of  material 
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by  rolling  it  down  to  your  order.  You  get  the  test  on  the  material  as 
it  is  going  to  be  used  which  ought  to  be  sufficient.  To  leave  it  out  of 
the  specifications  would  not,  probably,  save  the  contractor  any  work; 
but  if  it  is  not  necessary  and  as  it  would  save  the  inspector  a  good 
deal  of  time  which  he  could  nearly  always  employ  to  better  advantage 
it  might  as  well  be  done. 

Also  on  eye-bars  the  final  full  size  test  ought  to  be  sufficient  with 
regard  to  the  two  kinds  of  steel  now  in  general  use  in  bridge  construct- 
ion i.  e. ,  Bessemer  and  Open  Hearth.  The  latter  has  practically  been 
established  as  being  the  most  reliable.  Some  astonishing  things  have 
happened  in  steel  shapes.  As  for  instance,  an  I  beam  falling  off  a  car 
and  breaking-  square  across;  channel  bars  splitting  on  the  tap  of  an  in 
spectors  hammer,  plates  lying  on  the  floor  suddenly  cracking  with  a 
loud  report  etc. 

Such  things  have  happened  with,  as  far  as  can  be  ascertained,  no 
sufficient  cause.  And  in  all  the  cases  except  one  that  have  come  un- 
der the  writer's  notice,  these  have  been  made  of  Bessemer  steel.  The 
exception  was  made  of  Clapp-Griffiths. 

In  rolling  the  material  such  as  angles,  Z's,  and  plate,  the  smaller  si- 
zes are  very  often  rolled  from  the  same  sized  billet  as  the  larger  ones. 
These  of  course  receive  more  work  and  are  quite  likely  to  be  a  little  cold 
rolled.  This  will  show  in  the  physical  test  a  higher  elastic  limit  and 
ultimate  strength  with  a  slightly  smaller  elongation  and  reduction. 
In  geueral  the  inspector  has  very  little  to  do  with  the  rolling  of  the 
material  especially  if  it  is  steel.  Specifications  sometimes  contain 
clauses  with  regard  to  the  piles  for  iron,  which  require  his  attention. 
Some  engieers  also  require  the  inspection  of  the  muck  bar. 

From  the  hot  bed  the  material  usually  goes  to  the  straightening 
machine.  It  is  then  marked  off  and  sheared  to  length  and  inspect- 
ed. With  regard  to  the  inspection  of  the  mill  material  too  much  em- 
phasis can  not  be  laid  upon  the  necessity  of  stamping  all  of  the  ac- 
cepted material.     If  not  done  it  will  always  cause  trouble  in  the  shop. 

The  chief  causes  for  rejection  at  this  point  are  only  such  as  are 
mentioned  in  all  specifications  and  there  is  no  neccessity  for  any  es- 
pecial remarks  upon  them. 

Steel  always  rolls  much  nicer  material  than  iron  which  is  one 
reason  why  it  is  cheaper,  the  percentage  of  waste  being  so  much  less. 

The  first  process  in  the  shop  is  straightening  when  necessary, 
marking  off,  and  punching.  For  this  is  used  the  simple  punch  and 
the  rack  and  multiple  punches.  These  latter  do  a  great  deal  of  work 
but  it  is  not  usually  as  true  as  the  gauged  single  punch  work.  Com- 
plimentary angles  are  clamped  together  and  racked  through.  The 
angles  have  more  or  less  spring  in  them,  the  punching  puts  in  still 
more  so  that  the  gauge  does  not  come  out  a  constant  throughout  the 
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piece.  After  punching,  the  material  should  be  again  straightened, 
since  the  punching  will  spring  it.  This  is  a  very  important  item  but  one 
which  in  some  places  is  totally  neglected.  It  is  very  difficult  to  rivet 
crooked  work.  The  angles  and  plates  do  not  fit  together  well  and  in 
the  ordinary  process  of  rapid  riveting  the  rivet  will  be  sufficiently 
hot  after  the  pressure  is  removed  to  allow  the  spring  between  the 
plates  and  angles  to  distort  or  draw  the  rivet  some.  When  the 
next  rivet  goes  in  it  draws  the  material  up  again  and  this  leaves  the 
first  rivet  loose. 

The  writer  has  had  as  high  as  20%  of  the  rivets  in  a  girder  to  cut 
out,  all  due  he  firmly  believes  to  this  one  thing. 

Of  course  the  finished  work  in  unstraightened  material  never  looks 
as  well  as  it  ought. 

The  processes  next  in  order  after  punching  are  reaming,  assembling, 
and  reaming  again. 

After  being  punched  the  material  is  reamed  to  a  diameter  Vie" 
larger  than  the  diameter  of  the  rivet.  When  assembled  the  holes  in  the 
angles  will  not  correspond  with  the  holes  in  the  plate  exactly,  due  to 
the  stretching  of  the  angles  in  punching  and  accidental  causes.  The 
amount  of  this  elongation  varies  with  different  weights  and  sizes  of 
angles  from  about  \"  to  J"  in  20  ft. 

Now  in  a  30'  girder  the  holes  near  the  ends  may  not  fit  by  3/i6"  one 
will  suppose.  Then  the  reamer  is  put  through  and  takes  off  not  more 
than  Vie"  from  the  angles  and  the  remaining  2/i6"  from  the  web. 
This  leaves  $"  at  the  web  into  which  the  rivet  must  back  up  in  order  to 
fill  the  hole  and  be  able  to  transmit  stress.  It  takes  a  good  machine 
to  do  this  well.  Very  often) it  would  not  be  done.  For  this  reason  the 
writer  is  in  favor  of  punching  material  \"  less  than  diameter  of  rivet 
and  only  one  reaming,  that  being  done  after  the  pieces  are  assembled. 
The  probabilities  of  getting  a  smooth  even  hole  of  true  size  all  through 
would  then  be  much  increased.  It  may  of  course  be  objected  to  this 
method  that  you  would  not  get  all  of  the  injured  metal  around  the 
hole  removed.  That  is  true,  but  in  the  first  place  it  has  not  been  sat- 
isfactorily established  that  the  hole,  in  soft  steel,  has  been  materially 
injured  in  punching,  and  in  the  second  it  would  be  better  to  have  this 
vacant  space  filled  with  anything  than  with  nothing  at  all. 

Of  course  the  inspector  has  simply  to  follow  his  specifications  and 
this  will  nearly  always  mean  two  reamings. 

With  regard  to  the  riveting  by  machine,  there  ought  not,  usually 
to  be  much  trouble.  Ordinarily  an  inspector  does  not  have  to  inspect 
all  machine  rivets. 

In  machine  countersunk  riveting  we  often  find  a  great  many  loose 
rivets,  after  being  chipped.  The  reason  is  probably  this:  The  rivet 
in  order  not  to  be  too  short  has  been  made  a  trifle  long  and  this  excess 
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material  spreads  out  under  the  die  and  overlaps  the  hole.  This  edge 
being  thin  becomes  cold  and  hard  very  quickly  and  then  no  amount  of 
pressure  will  make  it  any  tighter  in  the  hole.  The  rivet  will  appear 
tight  until  chipped  when  often  it  is  very  loose. 

Up  to  a  length  of  three  inches,  and  with  proper  care  and  with  ex- 
perienced men,  better  countersunk  rivets  can  be  driven  by  hand  than 
by  machine.  In  hand  riveting  spring  dollies  should  be  used  where  pos- 
sible especially  for  heavy  pieces.  The  ordinary  simple  dolly  for  light 
work  will  give  good  results. 

In  marking  rivets  to  be  cut  out  the  inspector  should  use  white  lead, 
and  also  either  a  center  punch  or  the  stamping  end  of  his  hammer  to 
mark  the  head  of  the  rivet  itself. 

The  inspector  sometimes  has  trouble  with  hand  rivets  in  light  work. 
Often  i"  steel  rivets  are  used  in  riveting  f"  and  even  Vie"  metal.  This 
should  not  be  done.  It  is  often  hard  to  buck  up  well  where  such  cases 
occur  and  loose  rivets  are  therefore  common.  In  taking  them  out  the 
plates  sometimes  split  before  the  head  will  shear.  Then  if  the  holes  do 
not  match  well,  the  plates  will  be  badly  bent  in  backing  the  rivet  out. 

Material  lighter  than  f"  does  not  work  well  in  the  shop.  Also  light 
weights  in  large  sizes  do  not  work  up  as  well  as  heavy  weights  in  small 
sizes.     Some  portions  of  a  structure  should  always  be  fitted. 

Whenever  joints  or  splices  occur  which  are  to  be  riveted  up  in  the 
field  they  should  first  be  fitted  up  in  the  shop.  For  instance,  three 
panels  of  chord  section  (two  joints)  should  be  fitted  up.  Portal  brac- 
ing, and  stiff  transverse  bracing  where  it  occurs. 

With  regard  to  the  other  processes  of  manufacture  it  is  probably 
unnecessary  to  say  anything.  The  writer  wishes  however  to  say 
some  things  on  the  general  supervision  of  the  work  aud  give  his  idea 
of  a  good  arrangement  of  inspection  on  a  large  contract. 

Snppose  a  contract  for  5,000  or  10,000  tons  of  material  has  been  let 
by  the  Bo.  to  a  certain  company  for  construction.  They  of  course  are 
apt  to  obtain  their  material  from  several  different  mills.  If  the  par- 
ties letting  the  contract  think  they  can  afford  it,  their  best  plan  is  to 
employ  their  own  inspectors. 

Such  a  contract  as  the  above  would  require  probably  three  inspectors. 
One  of  these  would  be  employed  on  mill  work  exclusively  and  would 
reside  at  the  point  from  which  he  could  cover  the  work  located  at  a 
distance  from  the  bridge  shop.  Since  delays  so  often  occur  in  the  mill 
work  sometimes  it  might  be  better  to  let  this  work  out  to  a  company. 

The  other  two  would  reside  at  the  place  where  the  work  is  being 
manufactured,  of  these,  one  should  be  chief  inspector  to  whom  the  oth- 
ers should  report.  The  other  would  assist  in  inspecting  the  remaining 
mill  work,  and  when  not  so  emplo37ed  would  be  at  work  in  the  shop, 
keeping  up  invoice  reports,   checking  weights  of  same,  keeping  track 
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of  material  or  daily  progress  report,  making  tests,  and  various  other 
things. 

Now  if  there  is  a  penalty  in  connection  with  the  work  as  there  usu- 
ally is,  another  object  of  the  inspection  is  to  be  able  to  testify  as  to 
the  cause  and  character  of  any  delay  in  the  prosecution  of  the  work. 
To  keep  track  of  the  material  in  such  a  way  that  this  can  be  done  is  not 
a  simple  matter.  On  such  a  contract  as  has  been  named  it  would  re- 
quire the  inspector  to  know,  at  any  time,  the  exact  condition  of  from 
12,000  to  24,000  pieces  of  material. 

It  is  one  of  the  objects  of  this  paper,  however,  to  show  that  it  is  by 
no  means  an  impossible  thing,  nor  such  an  imposing  task  as  it  would 
seem  at  first.  It  is  however  too  much  work  for  one  man  to  do  this  and 
all  the  other  inspection  too,  especially  as  an  assistant,  such  a  man  as 
the  one  mentioned  above,  could  be  obtained  for  from  $50  to  $60  per 
month,  who  could  also  do  the  other  work  mentioned,  some  of  which 
would  otherwise  have  to  be  done  in  the  Engineer's  office  at  an  expense 
probably  of  $100.00  per  month. 

Of  these  12,000  to  24,000  pieces  mentioned  above  not  all  are  changing 
their  condition  each  day.  Probably  half  of  them  are.  Then  too  they 
go  in  groups  so  that  we  can  greatly  reduce  the  number.  As  I 
have  said  it  would  be  one  of  the  duties  of  the  asistant  inspector  to  keep 
this  record. 

To  do  this  he  would  require  a  day  book  ruled  as  below: — 


Left  Hand  Page. 


Right  Hand  Page. 
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In  these  columns  he  each  day  enters  the  designation  of  the  piece 
which  has  received  that  particular  treatment.  It  will  not  always  be 
possible  for  him  to  get  these  independently  of  the  contractor,  but  that 
is  not  necessary.  If  he  goes  about  it  in  the  right  way  the  contractor 
will  allow  him  access  to  the  daily  l'eports  of  the  shop  which  of 
necessity  are  as  correct  as  may  be.  From  there  he  can  readily  get  the 
last  five  columns  and  enter  them  directly  into  his  day  book.  Punching 
and  reaming  are  more   difficult  to   get.     But  these  also  in  most  shops 
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he  can  get  from  their  own  records.  They  will  give  however  the  re- 
cord for  the  component  pieces  and  not  for  the  whole  member,  very 
probably.  In  this  case  he  cannot  use  the  day  book  at  first  but  must 
take  the  shop  list  on  which  all  of  the  members  with  their  component 
pieces  are  given,  and  a  copy  of  which  he  can  get. 

On  these  sheets  using  red  ink  en- 
tirely, he  rules  two  columns,  one 
for  punching  and  one  for  reaming 
and  then  enters  up  these  records 
for  each  of  the  essential  component 
pieces  with  date.  Then  when 
these  have  all  been  treated  for  that 
member  he  enters  it  in  his  day- 
book for  the  day  on  which  the  last 
really  necessary  piece  of  the  mem- 
ber was  finished. 

For  keeping  track  of  the  mill 
material  he  checks  off  on  the  mill 
order,  a  copy  of  which  he  has,  the 
pieces  from  invoices  as  they  come 
in,  entering  date  of  receipt  of  car. 

Thus  the  assistant  has  a  record 
of  every  piece  from  the  time  it  left 
the  mill  until  ready  for  finishing 
and  inspecting. 

The  rest  is  obtained  by  the  Chief 
Inspector  himself,  as  is  also  the 
progress  of  the  work  at  the  mill 
from  the  mill  inspector  who  re- 
ports to  him  every  week  and  often- 
er  when  need  be  as  also  to  the  Chief 
Engineer  if  he  desires  it. 

In  the  meantime  the  Chief  In- 
spector has  all  he  can  attend  to. 
There  may  be  as  high  as  200  or  300 
drawings  of  details  and  at  one  time 
the  shop  may  be  at  work  on  as 
many  as  80  or  40  of  these.  It  is 
impossible  to  carry  around  such  a 
load  of  drawings  for  the  inspection.  The  writer  has  used  the  follow- 
ing plan: 

Tables  were  prepared  for  all  the  classes  of  members  with  a  column 
for  each  one  of  the  important  descriptive  features  of  such  members. 
The  drawings  were  then  carefully  gone  over  and  these  columns  filled 
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out.     The  table  for  bottom  chords  is  given  on  previous  page. 

For  the  diagonals,  if  they  are  simply  eye  bars,  a  very  simple  table 
tells  all  the  story.  If  combination  or  riveted  members,  of  course  a 
more  elaborate  table  will  be  required,  but  easily  made  out  to  suit  the 
case. 

The  Floor  Beam  table  would  be  as  follows: — 


No.  of 

Name 
Piece. 

Leng'h 

Size  Chord  L's. 

Size 
End 

No.Riv 
in  end 
Con'ec 

Size 
Web. 

Remarks. 

Draw. 

Top. 

Bott. 

Stiff. 

/ 


/ 


In  case  the  floor  beams  have  hangers  or  a  connection  directly  to 
the  pin,  slightly  different  tables  would  be  required.  There  are  a  few 
other  measurements  to  be  checked,  some  of  which  need  not  be  taken  all 
the  time,  the  others  are  pi*actically  a  constant  and  easily  learned  so 
that  columns  for  these  are  not  necessary. 

The  table  for  stringers  will   be  similar  to  that  for   floor  beams  ex- 
====    cept  that,  if  it  is  elevated  or  viaduct  work,  a  column  for 
Bevel.  bevel  will  also  be  required,  thus: — v,  being  grade  bev- 

el;  h,  curve  bevel;  and  / and  e  being  fixed  and  expan- 
sion ends  respectively. 

The  other  things  such  as  pins,  rollers,  pedestals, 
bracing  rods,  lateral  plates,  etc.,  are  all  easily  tabula- 
ted. Often  it  is  not  necessary  nor  even  advisable  to  do 
this,  however.  They  can  probably  be  more  easily  in- 
spected from  the  drawings  or  shop  list. 

But  this  advantage  of  tabulation  should  be  taken  in- 
to consideration.  It  enables  you  to  have  always  with 
you  at  no  inconvenience  to  yourself,  a  complete  record 
of  all  the  pieces. 
There  is  no  trusting  to  memory  in  this  system.  It  is  absolutely  rig- 
id. If,  in  passing  through  the  shoD  at  any  time,  you  happen  to  notice 
something  wrong,  a  bad  angle,  for  example,  taken  from  stock  with- 
out inspection,  you  take  out  your  book,  make  a  note  of  same  opposite 
the  piece  in  which  it  belongs,  mark  the  angle  with  your  hammer  and 
thennotif}7  the  foreman  of  that  department.  Now  that  member  may  be 
put  away  and  not  come  up  for  inspection  for  several  weeks,  depending 
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upon  circumstances.  You  probably  in  the  meantime  have  forgotten 
all  about  it.  But  when  it  does  come  up,  you  open  your  book  at  that 
point  preparatory  to  inspecting  it  and  then  you  find  a  note.  Of  course 
if  the  defect  was  still  as  glaring  as  at  first  you  would  discover  it  any- 
how. But  it  probably  is'nt.  You  now  look  for  your  hammer  mai\ks  and 
very  likely  find  them,  when  the  angle  has  to  be  cut  off  and  replaced. 

In  inspecting  a  finished  piece,  you  first  try  the  rivets,  then  make 
the  measurements  by  your  book.  If  the  piece  is  found  wanting  in  any 
particular  you  make  a  note  in  your  book  in  column  of  remarks,  put- 
ting date  above,  and  mark  the  piece  with  white  lead  or  soap  stone,  the 
latter,  preferably.  When  the  piece  is  accepted  some  convenient  sign 
indicating  same  is  put  in  the  book,  with  date  also,  and  the  piece  is 
stamped. 

When  he  receives  invoices  of  shipments  the  first  thing  the  inspector 
does  is  to  check  off  these  pieces  from  the  invoices  into  his  book. 
These  of  course  should  all  have  been  accepted  and  should  be  so  indi- 
cated in  the  book. 

Preparing  these  tables  may  be  some  work.  But  if  the  inspector 
does'nt  have  them  he  has  to  familiarize  himself  with  drawings  in 
order  to  be  able  to  inspect  from  them.  While  doing  that  he 
might  as  well  do  it  systematically  and  prepare  the  tables,  at  no  great 
additional  outlay  of  time.  They  pay  for  themselves  many  times  over. 
It  relieves  him  of  anxiety.  He  feels  that  nothing  of  any  consequence 
can  be  done  without  his  full  knowledge  and  consent. 

Of  course  on  a  small  contract,  with  a  few  drawings  of  details  such 
an  elaborate  system  is  neither  necessary  nor  desirable.  But  on  such 
a  one  as  has  been  mentioned  it  is  probably  the  most  absolutely  reli- 
able of  any.  Measurements  may  be  taken  with  a  steel  tape  after  be- 
ing compared  with  the  company's  standard  the  correction  for  every 
ten  feet  being  learned.  It  is  the  most  accurate  method  of  any,  since 
being  so  thin,  it  readily  assumes  the  temperature  of  the  piece  and 
then  only  the  difference  of  the  two  coefficients  of  expansion  remains, 
which  of  course  is  small. 

The  inspector  should,  if  necessary,  divide  his  inspection  up  so  as  to 
inconvenience  the  contractor  as  little  as  possible.  It  is  not  always 
advisable  to  leave  the  inspection  until  the  piece  is  entirely  finished. 
By  the  system  mentioned  above  this  division  of  the  work  is  rendered 
much  less  troublesome  and  equally  reliable. 

There  is  a  difference  of  opinion  amongst  inspectors,  also  amongst  eng- 
ineers, as  to  whether  final  exact  measurements  are  necessary,  especi- 
ally where  the  contractor  puts  up  his  own  work.  It  may  not  be  nec- 
essary but  it  is  advisable.  Nothing  ought  to  need  to  be  altered  in  the 
field.  To  attain  this  end  there  can  not  be  too  much  inspection  in  the 
shop.     Besides  it  relieves  the  inspector's  anxiety  wonderfully. 
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The  inspection  of  erection  is  just  as  important  an  item  as  the  in- 
spection of  shop  work  but  as  it  is  outside  the  limits  of  this  paper 
nothing"  is  said  of  it. 


AN  INCLINED  CABLE  RAILWAY  FOR  TRANSFERRING  FREIGHT 

CARS  BETWEEN  THE  UPPER  AND  LOWER  YARDS  OF 

THE  WESTERN  CABLE  RAILWAY  CO.,  ST.  LOUIS,  MO. 


By  Edw,  Flad,  Member,  Engineers'  Club  op  St.  Louis. 


[Read  January  20,  1892.] 

The  Western  Brewery  of  St.  Louis,  more  commonly  known  as 
Lemp's  Brewery,  is  located  at  a  distance  of  about  2,000  feet  from  the 
tracks  of  the  Iron  Mountain  Railroad,  and  at  an  elevation  above  the 
tracks  of  95  feet.  There  is  a  continuous  ascent  from  the  Iron  Moun- 
tain tracks  to  the  brewery,  the  steepest  grade  along-  Potomac  street 
which  connects  the  two  being  72/i0  per  cent. 

Formerly  all  freight,  whether  supplies  for  the  brewery  or  beer 
shipped  therefrom,  was  loaded  and  unloaded  in  the  lower  yard  estab- 
lished next  to  the  Iron  Mountain  tracks,  being  transferred  by  means  of 
wagons  between  the  yard  and  the  brewery.  The  expense,  delay,  and 
annoyance  incident  to  the  hauling,  up  and  down  so  steep  a  grade,  of  the 
large  amount  of  freight,  which  required  from  thirty-five  to  forty  two- 
horse  wagons,  rendered  it  desirable  to  adopt  some  other  method,  and 
finally  led  tb  the  construction  of  a  cable  road  by  means  of  which  the 
regular  freight  cars  are  transferred  between  the  lower  yard  and  an 
upper  yard  which  was  established  on  a  level  with  the  brewery  buildings. 

The  original  preliminary  plans  were  made  a  number  of  years  ago 
by  Col.  Henry  Flad  with  the  writer  as  assistant.  At  that  time  a 
wooden  construction  was  proposed  for  the  cable  track.  In  June,  1890, 
the  Western  Cable  Railway  Company  entered  into  contract  with 
Johnson  &  Flad  to  furnish  detailed  plans  and  specifications  and  super- 
intend the  construction  of  the  road,  and  Col.  Henry  Flad  was  retained 
as  Consulting  Engineer.  Work  was  begun  immediately  upon  the 
plans,  contracts  for  the  material  were  let,  and  the  construction  was 
prosecuted  as  diligently  as  possible.  The  road  was  completed  and  put 
in  operation  in  June,  1891,  and  since  then  it  has  been  in  constant  use. 
General  Description. 

A  hoisting  engine,  with  a  drum  of  a  capacity  sufficient  to  hold  the 
whole  length  of  the  cable,  is  placed  at  the  upper  end  of  the  incline. 
The  upper  end  of  the  cable  is  fastened  to  the  drum  and  from  there  the 
cable  passes  underground,  in  a  conduit  placed  between  the  rails,  to  the 
grip  car  to  which  the  lower  end  of  the  cable  is  fastened  permanently. 
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The  conduit  is  provided  with  a  slot  through  which  the  grip  plate  from 
the  car  passes. 

To  take  the  cars  up  hill,  the  grip  car  is  placed  at  the  lower  end  of  the 
road,  (Plate  1,)  at  A.,  the  freight  cars  are  placed  in  front,  B.  and  C, 
and  the  train  is  started  up  the  hill  with  the  grip  car  at  the  lower  end 
of  the  train.  The  cars  are  pushed  up  to  the  position  D.  E.,  being  on  a 
level  with  the  tracks  in  the  upper  yard.  From  this  point  they  are 
transferred  by  means  of  a  light  locomotive  which  is  employed  to  do 
the  switching  in  the  upper  yard. 

In  going  down  hill  the  train  runs  by  gravity,  pulling  the  rope 
along.  In  either  case  the  g'rip  car  is  at  the  lower  end  of  the  train  so 
that  the  safety  of  the  train  is  not  dependent  upon  the  couplings.  Two 
loaded  or  three  empty  cars  are  transferred  at  each  trip. 

Upper  and  Lower  Yards. 

In  the  lower  ya,rd  the  cars  which  are  to  be  taken  up  the  hill  are 
placed  on  the  tracks  F.  These  tracks  are  laid  on  a  grade  of  Yio  ft.  per 
100  feet  towards  the  cable  track,  so  as  to  facilitate  tne  running  of  the 
cars  in  that  direction.  It  was  originally  intended  to  lay  the  tracks  H. 
with  the  same  grade  in  the  other  direction,  as  these  tracks  are  used 
for  cars  that  have  been  brought  down  from  the  brewery  and  are  ready 
for  shipment.  By  so  arranging  the  grades  however,  the  yard  would 
have  been  rendered  less  accessible  for  wagons,  so  these  tracks  were 
laid  level  instead. 

In  the  upper  yard  the  tracks  are  all  level.  The  sharpest  curve  is  a 
45  degree  curve  (130.6  ft.  radius).  This  curve  occurs  in  both  yards, 
but  more  frequently  in  the  upper  yard.  The  outer  rail  is  not  elevated 
on  the  curves  and  the  gauge  is  increased  only^  inch.  All  the  switch- 
ing in  the  lower  yard  is  done  by  means  of  horses.  One  team  of  horses 
readily  hauls  two  loaded  cars  at  a  time.  Two  teams  are  employed  to  do 
the  switching  in  the  lower  yard.  In  the  upper  yard,  for  a  considerable 
time  after  the  road  was  put  in  operation,  the  switching  was  done  by 
means  of  horses,  but  as  before  stated  a  light  locomotive  is  now  em- 
ployed for  the  purpose. 

Grades. 
The  cable  road  is  built  on  a  straight  line  with  the  exception  of  one 
curve  at  the  lower  end.  This  is  a  35  degree  curve  (radius  166.3  ft). 
The  profile  of  the  line  is  shown  on  Plate  I.  The  lower  end  has  a  grade 
of  2  feet  per  100  feet,  up  to  the  beginning  of  the  curve.  In  passing 
around  the  curve  the  grade  is  increased  gradually.  At  the  upper 
end  of  the  curve  the  grade  is  seven  and  two-tenths  per  cent,  for  a  dis- 
tance of  about  300  feet.  From  there  it  changes  to  6.48  per  cent,  and 
then  to  5.37  per  cent,  up  to  Broadway.  At  Broadway  where  the  line 
crosses  the  tracks  ofthe  Broadway  cable  road,  the  line  is  level  and  from 


76  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

there  it  again  changes  to  a  2.26  per  cent,  grade  up  to  the  upper  end  of 
the  road. 

Control  of  Train. 

The  movements  of  the  train  are  controlled  entirely  by  the  engineer 
at  the  hoisting  engine.  Electric  signals  are  established  between  the 
hoisting  engine  and  the  grip  car  so  that  the  conductor  on  the  grip  car 
can  at  any  time  signal  to  stop,  start,  or  to  go  up  or  down.  The  elec- 
tric wires  for  signalling,  as  well  as  for  the  operation  of  the  safetj^  stop 
device,  to  be  described  hereafter,  are  placed  in  the  center  of  the  steel 
cable,  the  ordinary  hemp  core  being  replaced  by  an  electric  core. 

The  grip  car  is  provided  with  attachments  which  enable  the  conduc- 
tor to  stop  the  train  at  any  time  while  going  down  hill.  It  is  also 
arranged  so  that  in  case  the  cable  breaks  the  safety  device  is  applied 
through  the  breaking  of  an  electric  current  passing  in  one  of  the  wires 
in  the  core. 

Switch  Track  Construction. 

In  the  yards  a  63  lb.  steel  rail  is  used.  The  tracks  are  all  laid  on 
macadam  ballast  extending  to  a  depth  of  9  inches  below  the  cross-tie. 
Where  the  roadway  is  paved,  in  the  upper  yard,  the  rails  are  laid  on 
longitudinal  stringers,  granite  blocks  are  used  for  paving,  and  sewer 
inlets  are  placed  in  the  center  of  the  track.  In  place  of  the  ordinary 
groove  for  the  wheel  flanges  the  whole  pavement  between  the  rails  is 
depressed,  making  a  neat  construction  and  one  that  is  readily  kept 
clean. 

Cable  Track. 

The  cable  track  is  formed  by  85  lb.  steel  rails  5  inches  high,  resting 
upon  cast  iron  yokes  placed  31  ft.  between  centers.  The  slot  rail  is  a 
Z  rail  weighing  53  lb.  per  yard.  The  conduit  is  formed  of  concrete 
which  fills  up  the  space  between  the  yokes  and  extends  to  a  depth  of 
10  inches  below  the  bearing  of  the  yoke  under  the  rail.  In  laying  the 
concrete,  wooden  forms  were  used  similiar  to  those  used  in  the  ordin- 
ary cable  road  construction.  The  conduit  is  9  inches  wide  and  2Q 
inches  deep,  measured  from  the  top  of  the  slot  rail.  The  concrete  is 
composed  of  two  parts  of  Portland  cement,  five  parts  of  river  sand 
and  ten  parts  of  broken  stone. 

The  Yokes: — (Plate  II)  weigh  about  500  lbs.  each,  and  are  designed 
so  as  to  give  ample  bearing  surface  for  the  heavy  loads  which 
are  carried;  the  construction  being  different  from  the  ordinary  yokes 
especially  in  the  large  bearing  provided  directly  under  the  rail.  The 
rail  joints  are  always  made  at  the  yokes. 

The  Vertical  Sheaves: — (Plate  II)  which  are  placed  generally,  at 
intervals  of  311  ft.,  are  of  cast  iron  with  a  chilled  groove  for  the  rope. 
The  sheave  is  five  inches  in  diameter  and  has  a  steel  shaft  with  bear- 
ings of  babbitt  metal.    The  sheave  moves  in  a  cast  iron  frame  resting  on 
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one  side  on  a  cross-bar  of  the  man-hole  frame,  and  on  the  other  side  in 
a  cast  iron  wall  box.  The  original  sheaves  were  but  three  inches  wide, 
but  they  have  all  been  replaced  by  sheaves  of  a  width  of  7-J-  inches. 
The  frame  and  sheave  are  removed  as  a  whole. 

The  Horizontal  Sheaves: — (Plate  II)  placed  at  the  lower  end  of  the 
line  are  34-  feet  apart.  The  sheave  is  of  cast  iron  fourteen  inches  in 
diameter  and  has  a  four  inch  face.  The  shaft  is  of  steel  and  rests  upon 
a  chilled  cast  iron  button.  The  bearings  are  of  babbit  metal.  The 
frame  and  sheave  are  introduced  as  a  whole,  and  when  in  position  the 
frame  is  bolted  to  flanges  provided  in  the  man-hole  casting.  A  sheet 
iron  cover,  not  shown  in  the  drawing,  protects  the  upper  bearing. 

In  laying  the  curved  track  the  T  rail  was  first  bent  cold  to  the  re- 
quired radius.  An  attempt  was  made  to  bend  the  slot  rail,  but  in 
bending  the  rail  cold  the  cross-section  of  the  rail  was  altered,  so  it  was 
decided  to  bolt  the  slot  rail  to  the  yokes  and  spring- it  into  position. 
This  method  proved  successful,  the  slot  rail  being  prevented  by  the 
jaw  of  the  yoke  from  changing  its  shape  in  cross-section  any  consider- 
able amount. 

At  the  Broadway  Crossing  the  conduit  is  made  dee]  er  to  provide  for 
the  operation  of  the  Broadway  cable  road  which  crosses  the  line  of  the 
Western  Cable  Railway  at  this  point.  The  cables  of  the  Broa  lway  line 
are  depressed  at  the  crossing,  passing  under  the  cable  of  the  Western 
Cable  Railway.  The  Broadway  gripman  drops  the  rope  and  the  car 
passes  over  the  crossing  by  its  momentum.  On  account  of  the  change 
of  grade  it  was  necessary  to  introduce  a  depression  sheave  to  keep  the 
cable  of  the  Western  Cable  Railway  sufficiently  depressed  to  allow  the 
grips  of  the  Broadway  cars  to  pass  over  the  cable. 

The  Depression  Sheave  A.  (Plate  II)  is  placed  upon  a  bell-crank  M. 
pivoted  at  0.  It  is  operated  by  means  of  a  lever  which  is  placed  in  the 
gate  house  in  which  the  air  pumps  which  operate  the  crossing  gates 
are  also  located.  Whenever  the  car  passes  the  depression  sheave,  the 
sheave  is  raised  to  the  position  shown  by  the  clotted  line  A' '.  ">  he  rope 
is  depressed  8J  inches  below  its  position  in  the  grip  plate.  In  case  the 
attendants  fail  to  raise  the  sheave  at  the  required  time  the  increased 
upward  stress  on  the  sheave  causes  the  breaking  of  the  pawl  which 
holds  the  lever,  this  being  made  the  weak  point,  and  then  the  sheave 
rides  up  on  the  rope  and  over  the  grip  plate  without  further  damage. 
This  accident  occurred  during  the  early  operation  of  the  road,  with  the 
results  anticipated,  causing  no  more  damage  then  the  breaking  of  the 
pawl  which  was  quickly  repaired. 

HOISTING    ENGINE. 

The  drum,  12  ft.  diameter,  6  ft.  face  (Plate  V)  is  connected  to  the 
large  gear  wheel  by  means  of  a  friction  clutch,  and  has  a  band  friction 
brake,  consisting  of  a  wronght  iron   band  lined  with  basswood  blocks 
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10"  wide  and  3"  thick,  operated  both  by  a  hand  lever  and  by  a  small 
steam  cylinder,  which  latter  is  used  only  in  case  of  emergency.  An  in- 
termediate gear  connects  back  to  the  pinion  on  the  engine  shaft.  The 
engine  has  two  cylinders  14  inches  diameter  X  15  inches  stroke.  The 
main  drum  shaft  is  10  inches  in  diameter  with  bearings  9"  X  16".  The 
main  gear  wheel  is  15'-1"  in  diameter,  has  a  10"  face  and  144  teeth  with 
4  inch  pitch.  The  cylinders  have  slide  valves  operated  by  link  motion. 
One  hundred  and  fifty  revolutions  of  the  engine  gives  a  rope  speed  of 
five  feet  per  second,  which  is  the  ordinary  speed  of  operation  of  the 
road. 

All  of  the  levers  for  operating-  the  drum  and  engine  are  placed  up- 
on an  elevated  platform  from  which  the  operator  has  a  view  of  the 
greater  part  of  the  line.  The  hoisting  engine  rests  upon  a  foundation 
of  brick  laid  in  Portland  Cement  mortar. 

GRIP  car. 

The  grip  car  (Plate  III)  is  fastened  permanently  to  one  end  of  the 
cable,  the  other  end  being-  fastened  to  the  hoisting  drum.  The  grip 
plate  is  of  steel  5/8  inch  thick,  and  at  its  lower  end  is  9  inches  wide.  The 
lower  end  of  the  grip  plate  is  forged  into  a  bulb  which  is  bored  conic- 
ally  for  the  insertion  of  the  cable.  The  electric  core  passes  through 
the  hollow  steel  wedge,  and  from  there  up  into  the  car.  The  strands 
of  the  cable  are  wedged  into  the  bulb  by  means  of  the  hollow  steel 
wedge.  Before  this  mode  of  attachment  of  the  cable  was  adopted  an 
experiment  was  made  upon  a  short  piece  of  cable  held  in  the  manner 
described,  and  it  was  found  that  the  grip  developed  the  full  strength 
of  the  cable  without  showing  any  signs  of  weakness,  the  cable  breaking 
under  a  tension  of  83,000  lbs.  One  end  of  the  test  piece  was  looped 
around  an  eye  and  spliced,  and  one  of  the  strands  in  the  splice  broke 
first.  If  both  ends  of  the  test  piece  had  been  held  in  the  form  of  grip 
described  a  higher  breaking  load  would  probably  have  been  obtained. 
The  cable  has  six  strands  of  19  steel  wires  each  and  its  breaking  load 
as  given  by  the  manufacturer,  being  figured  upon  the  combined  ulti- 
mate strength  of  the  individual  wires  is  123,000  lbs.  The  ultimate 
strength  of  the  wire  used  is  190,000  lbs.  per  sq.  in. 

The  maximum  stress  to  which  the  cable  is  subjected  in  the  opera- 
tion of  the  road  is  about  15,000  lbs.  not  taking  into  account  the  in- 
creased stress  that  may  occur,  due  to  a  sudden  application  of  the  load. 

The  grip  plate  is  hinged  to  the  longitudinal  car  timbers,  so  as  to  al- 
low for  lateral  motion. 

SAFETY  APPLIANCE. 

The  design  of  the  safety  stop  device  is  as  follows: — 
A  trolley  (Plate  IV)  runs  under  the  car  on  the  slot  rails  and  is  attach- 
ed to  the  car  by  means  of  two  chains  passing  over  the  sheaves  S  and  S' 
(Plate  III).  The  other  ends  of  the  chains  are  attached  to  the  cross-head 
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C.  The  piston  operates  in  a  cylinder  filled  with  glycerine  and  water, 
the  cylinder  being  bolted  to  the  car  body.  A  cast  iron  rack  is  riveted  to 
the  under  side  of  the  slot  rail  and  the  trolley  carries  a  rack  of  forged 
steel  suspended  below  the  slot  rail  by  two  straps  which  pass  through 
the  slot.  The  spring  on  the  trolley  tends  to  throw  the  trolley  rack  up 
into  the  position  shown  by  the  dotted  lines,  in  which  position  it  en- 
gages with  the  rack  on  the  slot  rail.  A  latch  is  inserted  to  prevent 
the  spring  from  coming  into  action.  If  for  any  reason  it  is  desired  to 
stop  the  train  suddenly,  while  going  down  hill,  the  conductor  pulls  a 
handle  in  the  car  which  releases  the  latch  on  the  trolley  and  allows 
the  two  racks  to  engage.  The  trolley  then  comes  to  a  sudden  stop,  but 
the  train  travels  on  until  the  energy  in  the  moving  load  is  taken  up  in 
the  cylinder,  forming  a  cushion  with  a  total  motion  of  4'  -9". 

The  piston  is  provided  with  four  holes  through  which  tapered 
plug  rods  pass,  and  when  the  piston  moves,  the  valve  on  the  by-pass 
pipe  being  closed,  the  water  is  forced  throvigh  these  holes  in  the  pis- 
ton. As  the  velocity  of  the  piston  decreases,  the  train  being  brought 
to  a  gradual  stop,  the  openings  through  which  the  water  is  forced  al- 
so decrease  in  size,  being-  designed  so  as  to  give  a  constant  velocity  to 
the  water  passing  through  the  openings.  A  constant  velocity  here, 
means  a  constant  pressure  on  the  piston  tending  to  retard  it,  and  hence 
a  constant  force  tending  to  stop  the  train. 

The  parts  are  so  designed  that  with  a  load  of  180,000  lbs.  travelling 
down  a  72/io  per  cent,  grade  at  the  rate  of  5  feet  per  second,  the  train 
will  be  stopped  in  a  distance  of  4  feet,  with  a  uniform  tension  on  the 
chain  of  about  30,000  lbs, 

The  calculations  are  as  follows: — 

Weight  of  2  cars  @  80,000  lbs.  „ 160000  lbs. 

Weight  of  Grip  Car 20000  " 


Total  load    180000  " 

A  load  of  180,000  lbs.  moving  down  a  grade  of  72/10  ft.  per  100  ft. 
at  the  rate  of  5  ft.  per  sec,  is  to  be  stopped  in  a  distance  of  4  ft.  by  a 
uniformly  resisting  force. 

1st.     What  must  the  resisting  force  be? 

2nd: — What  must  be  the  size  of  the  openings  in  the  piston  so  that 
the  hydraulic,  head  due  to  the  velocity  and  friction  of  the  water 
through  the  holes  will  be  sufficient  to  bring  the  required  resisting- 
force  upon  the  piston? 

The  energy  of  the  moving  load  is 

W  v*        180,000  X  5  X  5        „n  nnn  „    ,_ 

-o =  ' — oa-a =  70,000  ft.  lbs. 

2  g  64. 4 

While  moving  4  ft.  down  the  7.2  per  cent,  grade  an  additional  am- 
ount of  energy  will  be  developed. 
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Let  0  =  the  angle  of  the  grade 

W  sin  0  X  4  =  180,000  X  0.072  X  4  =  51,840  ft.  lbs. 

Making  a  total  of  121,840  ft.  lbs.  to  be  overcome  in  a  distance  of  4 
ft.,  which  will  require  a  uniform  resisting  force  equal  to  30,460  lbs. 

The  piston  has  a  diameter  of  12  inches,  and  after  making  proper  al- 
lowance for  the  piston  rod  and  for  the  holes  in  the  piston,  we  have  an 
area  of  108  square  inches.  A  pressure  of  295  lbs.  per  sq.  inch,  equal 
to  a  head  of  water  of  678  ft.,  will  give  the  required  30,460  lbs. 

In  order  to  obtain  a  pressure  of  678  ft. ,  the  velocity  of  the  water 
through  the  holes  in  the  piston  must  be 

v1  =  8.025  cVT 
h  =  head  in  feet  =  678 
c  =  co-efficient  =  0.7 
v1  =  velocity,  ft.  per  sec. 
vl  =  8.025  X  0.7  X  V~678  =  146  ft.  per  sec. 
Let  v  =  velocity  of  piston  =  velocity  of  train, 
"   A  =  area  of  piston, 
"   A1  =  area  of  openings  in  piston, 

A1  v1  =  A  v  A1  =  A^ 

The  train  is  being  retarded  by  a  uniform  resistance  F,  equal  to  the 
difference  between  the  pull  on  the  chains,  and  the  component,  along 
the  line  of  the  grade,  of  the  weight  of  the  train,  or 

F  =  30,460  —  12,960  =  17,500  lbs. 
Let  a  =  negative  acceleration  due  to  the  force  F. 
If  a  body  W  be  acted  on  by  an  unbalanced  force  F,  the   change  of 
velocity  in  the  direction  of  F,  produced  in  a  second  will  be 
Fg        —17,500  X  32.2 

a  =  -w  =  — mow —  =  -3-13  ft-  per  sec- 

The  velocity  of  the  train  at  any  point  at  distance  d,  from  the  point 
at  which  the  resisting  force  is  first  applied  is  found  from  the  equation 

d  =  --^~  v  =  V  v02  +  2  a  d 

Substituting  this  values  of  v  in  a  former  equation,  we  have 


_  A  V  v02  +  2  a  d 

A.      —      —  -:       ■ 


103  V  25  +  2  (—3.13)  d 


=  0.705  V  25  —  6.26  d 


146 

By  substituting  values  for  d  we  find  the  required  areas  of  opening 
at  different  points  of  the  stroke. 

d  =  0  ft.  A1  =  3.53  sq.  in. 

d  =  l  «  A1  =  3.05  "     " 

d  =  2  "  A1  =  2.50  "     " 
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d  =  B''  A1  =  1.78  "     " 

d  =  4"  A1  =  0.00  "     " 

These  varying  areas  are  obtained  by  means  of  the  conical  plug  rods 
which  pass  through  the  holes  in  the  cylinder. 

Shortly  after  the  completion  of  the  road  this  safety  appliance  was 
tested  in  the  following  manner:  The  grip  car  with  two  loaded  beer  cars 
weighing  in  all  about  170,000  lbs.  were  moving  down  on  the  587/ioo  per 
cent,  grade  at  the  usual  speed  (about  5  feet  per  second)  when  the  latch 
was  pulled  and  the  train  came  to  a  stop  within  the  4f  feet  without  any 
perceptible  shock  and  without  any  damage  whatever.  They  have  used 
the  safety  appliance  five  or  six  times  since  the  road  was  put  in  opei*a- 
tion  thereby  preventing  serious  accidents.  At  one  time  the  train  was 
moving  up  the  hill  when  the  friction  clutch  on  the  drum  broke  and  the 
train  began  to  back  down  hill.  The  engineer  at  the  hoisting  engine 
saw  that  the  drum  was  reversing-  rapidly,  but  was  at  a  loss  to  know 
the  cause,  or  what  action  to  take. 

The  conductor  on  the  grip  car  realizing  that  something  had  hap- 
pened, pulled  the  safety  device  handle  and  stopped  the  train,  thereby 
averting  what  might  have  proved  a  fatal  accident. 

To  further  provide  against  accident  in  case  the  cable  should  break, 
a  magnet  (Plate  IV)  operated  by  an  electric  current  passing  through  one 
of  the  wires  in  the  electric  core,  is  placed  in  the  car.  The  magnet 
supports  an  armature  weighing  22  lbs.,  and  incase  the  current  breaks, 
the  armature  drops  upon  a  disc  at  the  end  of  hand  rope  and  pulls  the 
latch  of  the  safety  device. 

Electric  Core. 

The  electric  core  contains  two  No.  16  copper  wire  conductors,  each 
made  up  of  four  wires,  and  one  similiar  steel  wire  conductor.  Each 
strand  is  covered  with  tape  and  is  thoroughly  insulated.  The  outside 
diameter  of  the  core  is  f  inch.  There  being  no  precedent  for  the  use  of 
an  electric  conductor  in  this  manner,  the  various  electric  cable  manu- 
facturers refused  to  guarantee  the  results  and  much  doubt  was  ex- 
pressed as  to  the  possibility  of  making  a  cable  that  would  answer  the 
purpose.  The  first  cable  was  made  with  a  core  exactly  as  described 
above  except  that  the  three  conductors  were  single  No.  16  copper 
wires.  When  placed  in  operation  the  electric  wires  operated  only 
about  four  days  when  all  three  wires  broke.  A  second  cable  was 
ordered  with  the  alterations  as  indicated  above  and  in  the  meantime 
the  road  was  operated  by  means  of  hand  signals  from  the  top  of  the  car 
and  electric  signals  through  an  overhead  wire"  between  the  two  ends  of 
the  roads.  The  new  cable  was  inserted  November  8,  1891,  and  up  to 
date  the  two  copper  wires  are  in  good  condition.  The  steel  wire  broke 
during  the  manufacture  of  the  cable. 

The  upper  end  of  the  steel  cable   being  fastened  to   the  drum,  the 
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electric  core  is  brought  down  to  the  shaft  of  the  drum  and  passes 
through  a  hole  drilled  longitudinally  into  the  shaft,  emerging  at  the 
end  of  the  shaft  (Plate  IV)  where  the  wires  are  attached  to  the  brass 
rings  which  are  in  contact  with  brushes,  from  which  latter  the  wires 
lead  to  the  bell  and  batteries. 

Service. 

The  number  of  cars  transferred  varies  greatly.  At  present  they 
average  about  forty  cars,  whereas  in  summer  they  transfer  from  sixty 
to  eighty  cars  per  day.  By  the  terms  of  the  City  Ordinance  author- 
izing the  construction  of  the  road  the  company  is  required,  at  the 
request  of  the  owner  of  any  property  fronting  on  said  railway,  to 
transfer  cars  from  the  main  track  to  such  property  and  vice  versa.  It 
is  expected  that  such  a  service  will  be  developed  in  the  future,  and 
plans  have  already  been  submitted  by  one  of  the  property  owners 
along  the  line;  but  so  far,  such  cars  as  have  been  transferred  for  parties 
other  than  the  brewery  have  been  delivered  in  the  upper  yard. 

The  first  day  the  road  was  operated  an  unexpected  difficulty  oc- 
curred. The  lower  end  of  the  line  being  built  on  a  comparatively 
slight  grade,  and  the  friction  in  passing  around  the  curve  beyag  con- 
siderable, the  grip  car  developed  a  tendency  to  stop  on  the  down  trip, 
before  reaching  the  end  of  the  line.  It  was  finally  decided  to  let  the 
car  down  with  sufficient  speed  so  as  to  obviate  the  danger  of  a  stoppage 
before  the  car  should  reach  the  lower  end.  This  was  done  forthwith. 
The  car  was  pulled  up  on  the  steep  grade  and  let  down  with  a  flour- 
ish. The  speed  kept  on  increasing  at  a  rate  such  that  some  of  the  men 
became  frightened  and  jumped  off,  and  others  rushed  to  the  brakes  and 
finally  stopped  the  car.  No  further  thought  was  given  to  the  occur- 
ence for  the  time  being,  and  a  coal  car  was  switched  in  and  taken  up 
the  hill.  The  grip  car  was  then  lowered  again,  with  a  view  to  making 
another  trip.  Before  the  next  trip  was  made  however  an  inspection 
of  the  grip  plate  disclosed  the  fact  that  a  serious  difficulty  had  arisen. 
In  attempting  to  lower  the  grip  car  with  all  possible  speed  the  engineer 
at  the  hoisting  engine,  anxious  to  give  the  car  all  the  rope  possible, 
had  unknowingly  unwound  several  coils  of  cable  into  the  pit.  This 
accounted  for  the  uncontrolled  speed  of  the  grip  car.  When  the  car 
was  finally  stopped  the  cable  kept  on  going  and  doubled  up  under 
the  car;  and  when  the  cable  was  again  pulled  taut,  it  looped  around 
the  grip  plate,  lying1  partly  below  the  lower  end  .  of  the  plate.  This 
was  not  discovered  until  after  the  next  trip  when  the  grip  was  inspec- 
ted, as  the  cable  is  all  under  ground  and  not  visible  except  through 
the  slot  or  man-holes.  The  clearance  between  the  bottom  of  the  grip 
plate  and  the  vertical  sheaves  being  only  about  f  inch,  and  the  rope 
now  being  doubled  up  under  the  grip  plate,  in  going  up  hill  a  number 
of  the  vertical  sheaves  were  either  broken  or   damaged.     The  writer 
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was  on  the  car  at  the  time  and  he  remembers  feeling  a  series  of  thumps 
at  regular  intervals.  As  the  street  had  been  newly  macadamized  he 
supposed  that  the  commotion  was  due  to  stones  on  the  track,  but  was 
somewhat  surprised  at  the  regularity  of  the  occurrence.  Each  thump 
meant  another  sheave  demoralized.  To  prevent  the  recurrence  of  the 
accident  a  simple  contrivance  was  designed  which  notifies  the  engineer 
the  moment  he  has  any  slack  rope  in  the  pit.  (Plate  V).  A  long  board 
with  the  ends  resting  upon  springs,  is  placed  across  the  pit  and  just 
below  the  normal  position  of  the  cable.  Electric  push  buttons  are 
placed  at  either  end  of  the  board.  The  moment  the  cable  becomes 
slack  it  rests  on  the  board,  and  an  electric  bell  rings  continuously  until 
the  engineer  takes  up  the  slack.  No  further  trouble  has  been  experi- 
enced since  the  introduction  of  the  electric  tell-tale. 

Cost. 

Following  is  a  table  giving  the  cost  of  the  work: 

CONDUIT  TRACK. 

Excavation. 

3,850  cubic  yards,  @  58c $  2,219.39 

Concrete.    942  cubic  yards. 

Cement,  713  Bbls.,  @  3.20 $  2,281.60 

271      "       @  3.08 , 834.00 

Macadam  200  squares,  @  5.00 1,000.00 

Sand  365  cubic  yards,  @  .60 219,.  00 

Labor 896.10 

942  cubic  yards  Concrete,  @  5.55+ ~  5,230.70 

Track,  1,872  lineal  feet. 

85  6  T  Rail,  51  tons,  @  36.00 $1,839.70 

Freight  on  same 178.86 

53  ft  Slot  Rail  delivered,  321212/224o  tons  @  50.00   1,627.05 

Bolts,  Shims,  &c 497.00 

Labor 946.50 

Castings  for  Broadway  Crossing : . . . .    1,100.00 

Yokes,  273,174  6s.,  @  1.55 4,234.20 

Manhole   frames  and  covers,    53,338  6s.,  @ 

1.75  933.42 

Sheaves  and  frames,  16,276  6s.,  @  6fc 1,085.06 

Rack  Castings,  29,053  6s.,  @  3.5c 1,016.86 

Extra  Castings,  Depression  Sheaves,  &c 661.46 

1,872  lineal  ft.  track,  @  7.54+ ~  "    14,120.11 

Paving  for  Conduit  Track. 

Granite  Blocks,  80  squares,  @  18.75 $1,500.00 

Labor 407.51 

Sand 250.00 

80  squares  Paving,  @  $26. 969 2,157.51 
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Repairs  on  Potomac  Street. 

Macadam,  300  squares,  @  3.75 $1,126.87 

Gravel,  50  squares 312.40 

1,872  lineal  feet  of    Conduit  Track,   com- 
plete, @  13.40 •  1,339.27 

SWITCH  TRACKS  IN  UPPER  AND  LOWER  YARDS. 

Rails. 

63  ft.  T.  Rail,  85  tons.  @  33.00 $2,805.00 

Freight  on  same , .        2*7.50 

Bolts,  fish  plates,  etc 816.00 

Switches,  Frogs,  etc : ...     2,518.00 

Timber. 

Stringers,  ties,  etc.,  in  upper  yard 2,139.00 

Planks  in  lower  yard • 746.00 

Macadam. 

563.5  squares,  @  3.50 1,972.00 

8.5  squares,  spalls 22.00 

227  squares  macadam,  @  3.75 851.00 

Paving.    (Upper  yard.) 

15,000  Granite  Blocks,  @  5c 750.00 

Pavers 188.00 

Excavation,  2,675  cubic  yards,  (2  30c 802.50 

Laying  Track,  7,700  feet 6,474.71 

Sewerage 909.00 

Tools  and  repairs  of  same 829.64 

7,700  lineal  ft.,  switch  track  complete,  @  $3+  —  "    22,120.35 

Cable  Rope 703.80 

Grip  Car 2,470.27 

Hoisting  Engine  (foundation  not  included) 7,100.00 

Crossing  Gate,  House,  etc 397.00 

Miscellaneous 481. 30 

Total  cost $58,339.70 

The  cost  of  engineering  and  superintendence  is  not  included  in  the 
above.  All  the  material  was  purchased  by  the  company  through  their 
engineers,  who  obtained  the  bids  and  wrote  all  of  the  contracts.  The 
labor  was  furnished  by  a  local  contractor  who  was  allowed  15  per 
cent,  on  the  cost  of  the  labor.  This  is  included  in  the  estimate  given. 
The  engineers  had  full  charge  of  the  work  and  received  as  compensa- 
tion a  percentage  of  the  cost  of  all  material  and  labor  used  in  the 
work. 
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THE    BEHAVIOR    OF    IRON    COLUMNS    AT     HIGH    TEMPERA- 
TURES.* 


By  A.  Gottlieb,  Member,  Western  Society  of  Engineers. 


[Read  March  2,  1892.] 

The  great  importance  for  our  modern  architecture  involved  in  the 
question  how  iron  columns  will  behave,  when  exposed  to  high  tem- 
peratures, was  the  cause  of  a  series  of  practical  experiments  conducted 
toward  the  end. of  the  year  1886  by  the  Government  Architect  Mr.  M. 
Moeller,  and  the  author  of  this  paper  in  Hamburg. 

It  is  known  that  after  a  conflagration  of  some  magnitude  in  Berlin, 
cast  iron  columns  were  found  cracked  and  broken  into  pieces.  It  was 
assumed  that  this  destruction  of  the  columns  was  due  to  the  effect  of 
the  cold  water  poured  upon  the  heated  columns.  This  was  the  incen- 
tive of  the  order  issued  by  the  Building  Department-  of  the  Berlin 
municipality,  prohibiting  the  use  of  cast  iron  columns,  if  not  fire 
proofed,  for  stores  or  other  parts  of  buildings,  over  which  inhabited 
apartments  are  located. 

The  same  year (1884)  Professor  Bauschinger  in  Munich  experimented 
on  columns,  cast  iron  as  well  as  wrought  iron,  by  first  heating  them  to 
a  temperature  of  1112  degrees  Fahrenheit,  and  then  pouring  water  on 
them.  The  specimens  at  the  disposal  of  Professor  Bauschinger  were 
cast  iron  columns,  rejected  on  account  of  very  uneven  thickness  of 
metal,  cold  shots  and  other  defects.  Of  still  inferior  quality  were  the 
wrought  iron  columns,  being  tubes  of  comparatively  small  diameter 
and  small  thickness  of  metal,  or  struts  formed  of  two  channels,  or  two 
I  beams,  connected  together  by  a  few  bolts. 

For  the  computation  of  the  stresses  Bauschinger  properly  used  the 
formula  of  Schwarz,  and  not  Euler's  formula,  which  for  columns  with 
jointed  ends  is  as  follows: 

P-  ^111 
J2 

P  =  Ultimate  strength. 

E  =  Modulus  of  elasticity. 

J  —  Least  moment  of  inertia. 

L   =  Unsupported  length. 

This  formula  is  correct  only,  when  the  line  of  pressure  coincides 
with  the  neutral  axis  of  the  column,   which,  however  occurs  very  sel- 

*From  a  paper  read  by  Engineer  R.  Luehmann.  before  the  Society  of 
Engineers  and  Architects  at  Hamburg.  Translated  from  the  "Deutsche 
Bauzeitung"  of  1888. 
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dom,  and  merely  accidentally  in  columns  in  Buildings.  The  working 
resistance  of  the  materials  is  not  defined  in  this  formula;  this  must  be 
remedied  by  the  Auxiliary  formula  of 

P  v  A  F  S 
—    n 

in  which  F  is  the  sectional  area  of  metal,  S  the  ultimate  strength  of 
the  material  and  n  the  factor  of  safety. 

The  proof  that  this  formula  should  not  be  adapted  for  practice,  can 
be  demonstrated  best  by  an  example.  Let  us  assume  a  cast  iron  hol- 
low column  of  square  section,  the  side  of  square  11.81  inches,  the  thick- 
ness of  metal  0.787  inches,  for  which  F  =  34.72  □",  8  =  99,300  pounds 

S  F 
per  square  inch,  n  =  4,  P  n  = =  861,924  lbs.    The  greatest  length 

of  a  column  to  resist  this  load  with  a  factor  of  safety  of  four  is 
1=  - —    which  in  this  case,  taking  E  at  14,000,000  would  give  a 

column  of  about  14  feet.  In  other  words,  according  to  this  formula 
it  would  not  differ  whether  the  column  is  five,  ten  or  fourteen  feet 
long. 

This  certainly  is  not  correct  for  structular  pillars,  in  which  through 
eccentric  loading,  greater  stresses  are  produced  in  the  various  sections. 
Such  stresses  are  considered  in  the  formula  of  Schwarz,  which  is  as  fol- 
lows: 

P  =   —  S  F  — 


l  +  KFl2 


J 

n  =  factor  of  safety  assumed  as   five   b}^   Bauschinger;    S  =  ultimate 

strength  per  square  iuch,  assumed  by  him  as  99,400  pounds  for   cast 

S 
iron,  and  56,800  pounds  for  wrought  iron;  consequently  —  for  cast  iron 

=  19,900  pounds  and  for  wrought  iron  11,360  pounds.  The  co-efficient 
K  has  been  determined  by  Bauschinger  for  cast  iron  as  0.0006  and  for 
wrought  iron  0.00009. 

From  his  experiments  Bauschinger  draws  the  following  conclusions: 
"I  find  from  my  experiments  that  wrought  iron  columns  under  load, 
even  with  the  most  perfect  mode  of  fastening  or  support  of  their  ends, 
partly  already  when  subjected  to  a  heat  of  not  quite  1112  degrees  Fahr- 
enheit, but  certainly  at  the  slightest  red  heat,  irresistibly  deflect  to- 
wards the  fire,  which  deflection  increases  when  water  is  thrown  on  the 
opposite  side  of  the  columns,  even  if  the  water  is  applied  to  the  ends  of 
the  columns  only;  the  structure  supported  by  them  must  collapse. 

Although  cast  iron  columns  under  the  same  conditions,  as  to  sup- 
ports, also  deflect  towards  the  fire,  and  this  deflection  also  increases 
under  the  application  of  water,  still  this  deflection  does  not  exceed  a 
certain  limit,  even  if  the   whole  column  has  been  red  hot,   and  the  wa- 
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ter  is  occasionally  applied  to  the  center  of  the  column.  The  column 
never  ceases  to  support  its  load  even  then,  when  through  the  applica- 
tion of  water  it  is  cracked,  often  considerably  cracked.  During  the 
cooling",  while  yet  squirted  with  water,  the  columns  again  straighten 
almost  completely. 

Only  in  the  case  where  both  ends  of  the  columns  are  rounded,  and 
free  to  movein  every  direction,  do  they  bend  sufficiently,  so  as  to  break, 
if  they  are  first  brought  to  a  red  heat  through  their  entire  length,  and 
while  so  heated  water  is  energetically  applied  in  the  middle." 

These  statements  of  Professor  Bauschinger  are  partly  excepted  to 
by  Government  Architect  Moeller,  in  his  publications  contained  in  the 
"Centralblatt  der  Bauvenoaltung"  (Central  Organ  of  the  Department 
of  Buildings)  of  1886,  No.  162,  and  in  the  "Deutsche  Bauzeitung"  of 
1886,  No.  53  and  No.  55. 

Mr.  Moeller  primarily  notices  that  the  proportions  of  the  wrought 
iron  experimental  columns  were  unfavorable,  compared  with  those  of 
the  cast  iron  pieces.  Certain  it  is,  that  so  differently  proportioned 
pieces  as  these  tests  pieces  were,  could  not  be  compared  with  each  oth- 
er without  further  consideration. 

Mr.  Moeller  also  objects  to  the  great  difference  in  the  numerical  va- 
lue of  the  co-efficient  K  as  assumed  by  Bauschinger,  which  for  cast  iron 
is  almost  seven  times  as  large  as  for  wrought  iron.     Thereby  the  value 

of  — = —  for  cast  iron  is  considerably  greater  than  for  wrought  iron, 

consequently  P  smaller,  and  also  the  extreme  fibre  strain  smaller. 

If  z  represents  the  eccentricity  of  the  force,  P  z  the   bending  mo- 
ment, —  the  moment  of  resistance,  then  P  z  —  —  S  and  the  maximum 
a  a 

a*.  P        a  P  z 

strain  m  extreme  fibres:  o  max.  =  —  +  — —  . 

F  J 

From  this  formula  Moeller  computed  the  extreme  fibre  strains  of 
Bauschinger's  expei'imental  columns,  and  found  that  the  slender 
wrought  iron  columns  deflected  considei'ably  more  than  the  cast  iron 
columns,  and  consequently  had  to  resist  a  greater  eccentricity  of  force, 
causing  larger  strains  in  extreme  fibres. 

The  question  now  arose  for  Mr.  Moeller  to  determine  the  value  of 
K  under  the  supposition  of  a  one  sided  heating  of  columns,  as  it  oc- 
curs at  fires.  These  new  values  were  determined  from  the  deflection 
of  columns  under  the  supposition,  that  one  side  was  heated  1112  degrees 
Fahrenheit  more  than  the  other  side.  Greater  heats  than  1100  to  1300 
degrees  could  not  well  be  considered,  because  cast  iron  melts  at  2000 
to  2200  degrees;  and  wrought  iron  burns  at  a  heat  of  2300  to  2400  de- 
grees Fahrenheit.  The  mode  of  procedure  was,  that  first  the  radius 
of  curvature,   and  from  this  the  deflection  of  the  columns  and  the  ef- 
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feet  of  the  eccentric  force  were  computed.     The  value  obtained  is  then 
substituted  in  the  formula   for  £  max.    and   then  P  computed.      The 

.  .,     .      ,        L      ,  „    {   for  wrought  iron  K  =  0.00038 

result  was  that  when        <  b    -  flAA0. 

D  /    for  cast  iron  it  =  0.00034 

L         _    |    for  wrought  iron  K  =  0.00043 
when         -  V  ■2b    i 

D=  I   for  cast  iron  K  =  0.00043 

.L  and  D  are  length  and  diameter  of  columns. 

It  is  apparent  that  the  values  differ  but  slightly,  and  it  will  be  prop- 
er, on  account  of  some  slight  omissions  and  approximations  to  assume 
f(  &  for  all  cases  as  0.0004. 

Mr.  Moeller  also  recommended  to  adopt  for  S  for  cast  iron 
10,000  pounds  per  square  inch.  S  for  wrought  iron  14,000  pounds 
per  square  inch.  It  may  be  remarked  right  here  that  these  co-efficients 
•     were  increased  later,  after  subsequent  experiments. 

In  1886  Professor  Bauschinger  made  a  second  series  of  experiments, 
differing  from  the  former  in  the  first  place  through  the  fact,  that  the 
experimental  columns  were  of  fair  quality.  Unfortunately,  however, 
the  wrought  iron  pieces  again  were  small  in  their  lateral  dimensions, 
compared  to  their  great  length  of  nineteen  feet.  As  the  cast  iron 
columns  were  onlj'  thirteen  feet  long,  the  experiments  were  made 
again  with  specimens,  which  caunot  be  compared  without  further  con- 
sideration. As  before  Bauschinger  adopted  for  wrought  iron  the  co- 
efficient A'  =  0.00009,  but  for  cast  iron  he  assumed  it  =  0.00025  as  quot- 
ed by  Laissle  and  Schuebler,  because  the  experimental  columns  were 
of  better  quality,  than  in  the  first  experiments. 

It  will  be  noticed  that  the  latter  co-efficient  is  considerably  smaller, 
than  assumed  by  Moeller,  whereby  the  theoretical  value  of  the  col- 
umns is  increased.  The  cast  iron  columns,  however,  stood  the  fire  very 
well,  as  they  carried  the  whole  of  the  computed  load  at  a  red  heat, 
while  at  the  same  time  being  squirted  with  water;  in  particular  it 
must  be  mentioned  that  they  showed  no  sign  of  cracking.  But  also 
the  wrought  iron  columns,  which  were  also  of  considerably  better 
quality,  than  in  the  first  trial,  stood  better,  and  the  final  results,  ac- 
cording to  Professor  Bauschinger,  were  as  follows:  "Wrought  iron 
columns,  of  good  construction,  can  resist  the  action  of  fire  and  water 
pretty  well,  but  not  quite  as  well  as  cast  iron  columns.  Wrought 
iron  columns  of  inferior  construction,  however,  in  which  the  connec- 
tion of  the  component  parts  are  not  very  thoroughly  effected,  "are  bent 
and  destroyed  under  the  action  of  the  loads.  As  to  the  shape  of  the 
cross  section,  the  box  column  is  preferable  to  the  cross  shape."  These 
second  series  of  tests  of  Bausching-er  are  discussed  by  Moeller  in  a  pa- 
per in  the  "Deutsche  Bauzeitung"  of  1886,  No.  83.  From  what  was 
said  by  him  about  the  first  experiments,  it  cannot  well  be  doubted  that 
Mr.  Moeller  would  draw  the  sama  conclusions  from  the  second  experi- 
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merits,  and  he  summarizes  them  in  the  following  manner:  "Experi- 
ments which  are  to  demonstrate  whether  wrought  or  cast  iron  columns 
are  better  adapted  for  use,  must  be  made  with  test  pieces  which  will 
permit  a  direct  comparison.  The  test  pieces  of  wrought  iroji  must 
have  the  same  length  and  lateral  dimensions,  and  the  same  moment  of 
inertia  as  the  cast  iron  test  pieces." 

Thus  the  opinions  differed  when  in  1886  the  "Society  for  the  promo- 
tion of  Industrial  progress"  offered  a  prize  for  the  best  essay  on  the 
subject  of  the  "Resistance  of  Iron  Columns  when  subjected  to  high 
temperatures."  The  program  issued  contained  the  following  remarks: 
"Cast  iron  columns  have  been  largely  used  in  recent  years  for  archi- 
tectural purposes.  They  are  an  important^ factor  for  the  free  develop- 
ment of  architecture,  as  well,  as  they  are  an  interesting  and  profitable 
object  for  a  nourishing  branch  of  an  industry,  related  to  constructions. 
Meanwhile  there  have  been  objections  raised  against  their  use, 
caused  by  observations  made  during  certain  conflagrations.  It 
is  particularly  feared  that  they  may  crack  if,  when  heated  at  a  great 
fire,  they  are  plied  with  cold  water.  For  this  reason  it  was  ordered  by 
the  Police  District  of  the  City  of  Berlin,  that  in  buildings  in  which 
the  lower  portions  are  used  for  stores  or  warehouses,  and  the  upper 
portions  for  dwellings,  cast  iron  columns  for  the  support  of  upper 
walls  are  prohibited,  unless  they  are  protected  by  a  wrought  iron 
shield,  with  an  air  space  between  it  and  the  column;  otherwise  either 
wrought  iron  columns  or  masonry  piers  of  hard  burned  brick,  laid  in 
cement  mortar,  must  be  used.  On  the  other  side  it  is  claimed  that 
wrought  iron  columns,  consequent  on  the  small  thickness  of  the  metal 
used,  usually  get  heated  quicker  and  break  at  lower  temperature  than 
cast  iron  columns,  which  latter  not  only  resist  successfully  a  moderate 
red  heat,  but  also  the  effects  of  bending  moments  while  in  that  condi- 
tion. For  this  reason  wrought  iron  columns  are  considered  as  less  safe 
than  cast  iron  columns,  and  it  is  believed  that  only  such  cast  columns 
should  be  avoided,  which  are  either  cast  from  poor  metal,  or  are  de- 
fective in  their  proportions,  or  in  their  molding-  or  casting.  It  is  there- 
fore intended  that,  as  far  as  possible,  it  should  be  demonstrated  by 
experiments  how  wrought  iron  columns  behave  when  subjected  to 
sudden  cooling  while  at  high  temperatures,  and  of  what  shape  and  sec- 
tion they  ought  to  be,  lo  resist  most  successfully  such  conditions. 

It  ought  also  to  be  shown,  what  degree  of  safety  may  be  expected 
from  masonry  piers  in  comparison  with  either  wrought  or  cast  iron 
columns. 

Mr.  Moeller,  as  well  as  myself  (Engineer  R.  Luehmann)  competed 
for  this  prize,  and,  as  is  well  known,  obtained  the  same. 

Before  entering  upon  a  detailed  account  of  the  experiments  and 
their  results  (the  theoretical  demonstrations   of  which  were  left  to  Mr. 
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Moeller  exclusively)  it  may  be  proper  to  state  to  what  extent  it  was 
found  the  co-efficients  referred  to  above,  have  been  proven  to  be  cor- 
rect. In  the  first  place  the  co-efficient  K  =  0.0004  was  found  to  be 
correction  the  other  hand,  however,  it  was  found  that  the  strains  of 
extreme  fibers  are  to  be  taken  considerably  higher  than  heretofore  as- 

S 
sumed;  thus  for  cast  iron    -   not  10,000  but  21,000  lbs.;  and  for  wrought 

11 

iron  not  14,000  but  16,800  to  19,600  pounds  per  square  inch,  if  in  the 
computation  of  columns  the  high  temperatures  are  to  be  considered. 
As  the  supports  for  all  of  the  experimental  pieces  were  so  arranged, 
as  to  cause  the  line  of  action  of  forces  to  be  eccentric  by  about  0.4  inch 
with  reference  to  the  neutral  axis  of  the  piece,  so  as  to  make  the  ex- 
periments under  as  nearly  the  same  conditions,  as  they  may  occur  in 
actual  use  of  columns,  it  was  desirable  to  have  another  formula,  which 
would  give  expression  to  this  eccentricity  of  forces  and  the  bending 
moments  caused  by  them.  This  formula  also  was  developed  by  Mr. 
Moeller  and  is  as  follows: 

•      -  P  =.  5  F  


1  +  .      a  +     —  )  P  a 


& 


2CJ-; 


m> 


F  u 
~~~J~ 


in  which  formula  F  —  sectional  area. 
J 


the  moment  of  resistance. 

a 

J  —  moment  of  inertia. 
P  =  ultimate  strength. 
S  —  strength  per  square  inch. 
I  —  length. 

a  =  eccentricity  in  beginning  of  loading. 
C  =  modulus  of  elasticity. 

This  formula  was  very  valuable  for  checking  the  results  of  experi- 
ments made  at  normal  temperatures;  but  it  is  somewhat  cumbersome, 
as  the  computations  had  to  be  made  by  approximations  of  P,  for 
which  purpose  the  first  value  was  computed  by  Eulers'  formula.  The 
experiments  further  showed  that  for  S  the  following  values  should 
be  used. 

a,  for  Cast  Iron. 

1st.  For  hollow  columns  cast  horizontally  and  of  slightly  uneven 
thickness  of  metal. 

£vifi  >15        >20 

D  =  <  20  <  25 

S  =  61,000  lbs.  per  1  □"   58,900    56.800 
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2nd.     For-hoHew  columns. 

L_  >15  >25  >35  >40 

D   =  <  20  <  30  <  40  <  45 

S  =  106,400  85,200  56,800  28,400  21,300 

b,  for  Wrought  Iron. 

For  soft  wrought  iron  S  =  31,200  pounds. 

For  medium  hard  S  =  42,600  pounds. 

For  riveted  sections  recommended   38,000  pounds. 
For  every  test  specimen  the   computations   were  made  from  the 
new  formula  of  Moeller,  as  well  as  those  of  Euler  and  Schwartz,   so  as 
to  compare  the  computed  values  with  those   derived  from   the  ex- 
periments. 

We  agreed  at  the  beginning  of  the  experiments  that  the  test  pieces 
ought  to  be  of  such  dimensions,  as  they  occur  in  actual  use.  We  be- 
gan with  a  wrought  iron  tube  of  5-9/io  inches  outside  and  4-T2/ioo  inches 
diameter  equal  9-S5/ioo  square  inches  section;  all  of  the  other  test  pieces 
had  the  same  sectional  area  of  metal  of  9-85/ioo  square  inches,  with  the 
exception  of  the  solid  wrought  iron  columns,  which  were  of  solid  roll- 
ed round  iron,  which  had  a  section  of  9-61/ioo  square  inches.  The  test 
pieces  were  hollow  or  solid;  the  latter  were  of  3-54/ioo  diameter  for  cast 
iron  and  3-5/10  for  wrought  iron;  the  former  as  above  stated  of  5-9/io  in- 
ches diameter.  We  further  had  riveted  pieces  of  four  angles  and  two 
plates,  latticed  on  the  open  sides.  The  angles  were  2.25  X  2.25  X  0.31 
inches,  and  the  plates  4.52  X  0.51,  and  the  lattice  bars  or  stay  bars  1.96 
X  0.31  inches.  It  was  intended  to  ascertain  what  effect  a  cement  fill- 
ing of  the  column  would  have,  as  it  was  believed  that  cracked  cast 
iron  columns  would  retain  their  shape  if  so  filled.  In  one  of  the  col- 
umns a  wrought  iron  tube  was  inserted  in  casting  the  columns,  as  that 
was  considered  still  better  than  cement  filling.  It  was  also  determin- 
ed to  test  the  value  of  outside  covering  of  column,  for  which  purpose 
the  column  was  incased  in  wood,  which  in  turn  was  surrounded  by 
sheet  iron;  several  of  the  columns  were  protected  by  a  cement  cover- 
ing. Furthermore  an  ornamental  grooved  cast  iron  column,  with  or- 
namental capital  was  tested,  to  ascertain  what  effect  ornamentations 
may  have.     The  test  pieces  selected  were  either: 

1  meter  =   3.28  ft. 

2  meter  =   6.56  ft. 
or                4  meter  =  13.12  ft. 

The  first  length  was  selected  to  determine  the  crushing  strength  of 
the  material,  as  with  that  length  the  influence  of  flexure  is  but  small; 
the  second  because  its  proportion  to  the  lateral  dimensions  of  the  test 
pieces  was  about  the  same  as  for  columns  in  actual  use ;  the  last  be- 
cause its  great  length  was  to  demonstrate  the  danger  incident  to  such 
proportions;  further  we  tested  piers  of  hard  burned  brick,  one  of  them 
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containing-  a  block  of  granite  and  sand  stone,  and  blocks  of  oak  and 
pine  timber;  in  all  forty-three  pieces  were  tested.  In  order  to  deter- 
mine the  difference  between  the  safe  load  for  a  column  when  in  nor- 
mal and  in  high  temperature,  two  equal  test  pieces  were  tested;  one 
in  normal  and  one  at  high  temperature,  and  the  test  every  time  ex- 
tended until  the  column  was  destroyed.  All  the  main  test  pieces  were 
tried  with  rounded  end  supports;  but,  to  show  the  difference,  several 
were  tested  between  parallel  supports.  It  ought  to  be  also  stated  that 
all  iron  test  pieces  were  truly  faced  at  the  ends,  and  the  castings  were 
cast  in  a  horizontal  position. 

Description  of  the  Apparatus  and  other  auxiliary  means. 

The  hydraulic  testing  machine  used  had  a  capacity  of  440,000  pounds 
which  is  reached  at  a  pressure  of  100  atmospheres.  The  piston  had  a 
diameter  of  20  inches;  the  two  wrought  iron  tension  rods  are  provided 
at  both  ends  with  steel  wedges,  and  are  so  arranged,  that  test  pieces 
of  various  lengths  can  be  accommodated.  As  it  is  impossible  to  fix  the 
direction  of  the  pressure,  without  using  rounded  ends,  it  was  deter- 
mined to  test  all  specimens  with  such  ends;  for  this  purpose  semispheres 
and  semispherical  hollow  caps  of  cast  iron  were  emploj'ed.  The  semis- 
pheres, which  were  neatly  finished,  and  were  kept  well  lubicated, 
formed  a  part  of  a  strong  casting,  which  was  fastened  to  the  piston  at 
one  end,  and  the  cross  head  of  the  machine  at  the  other;  they  worked 
to  perfection.  The  back  ends  of  the  hollow  caps  were  provided  with  a 
rim  so  arranged,  that  the  test  pieces  could  be  fastened  on  it,  so  as  to 
be  one  centimeter  (0.39  inches)  eccentric,  and  the  pieces  so  placed  that 
the  eccentricity  was  downward,  to  avoid  any  danger  when  the  pieces 
broke.  It  is  to  be  noted  that  in  computations  the  length  of  the  speci- 
men was  always  assumed  from  the  middle  to  middle  of  rounded  end  sup- 
port. For  measuring  the  pressures  three  manometers  were  used,  which 
were  divided  for  pressures  up  to  6,  30  and  200  atmospheres  respectively, 
and  were  used  either  singly  or  in  pairs. 

Through  careful  observations  it  was  ascertained  that  the  loss  of 
power  through  friction  did  never  amount  to  more  than  five  per  cent. ; 
this  percentage  was  deducted  however,  in  each  case  from  the  indicated 
pressure.  The  deflection  was  measured  with  a  dial,  the  pivot  of  the 
indicator  being  on  one  of  the  tension  rods,  and  the  proportion  of  arm 
1  : 4.  This  enables  to  use  a  scale  where  1  mm,  was  represented  by  4mm, 
so  that  it  was  possible  to  read  fractions  of  a  millimeter.  As  the  vicin- 
it}T  of  the  pivot  remained  cool,  and  only  the  short,  thick,  end  of  the 
lever  was  exposed  to  some  irregular  heating,  the  indications  of  the 
other  end  of  the  dial  hand  were  very  little  affected  \>y  the  heat,  and  it 
was  shown  that  the  variations  could  not  have  amounted  to  more  than 
0.1  or  0.2  mm.  The  horizontal  deflections  were  not  measured,  as  the 
vertical  deflections  only  were  of  interest,  the  eccentricity  being  placed 
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downward  and  the  heating  occurred  from  below.  For  measuring  of 
the  temperature  a  little  lump  of  lead  was  used  whose  melting  point  is 
known  to  be  626  degrees  Fahrenheit.  This  lump  was  clamped  to  a  bar 
so  as  to  be  in  contact  with  the  test  specimen.  When  the  lump  melted  it 
was  evident,  that  the  specimen  had  been  heated  to  at  least  626  degrees. 
In  the  same  manner  an  alloy  of  39  parts  of  silver  and  61  parts  of  lead 
were  used,  which  according  to  Professor  Bauschinger,  melts  at  a  tem- 
perature of  1112  degrees  Fahrenheit.  At  this  temperature  iron  shows 
already  a  distinct  red  colored  heat. 

The  test  specimens  were  bedded  in  heating  crates,  with  a  grate  bot- 
tom throughout  their  entire  length,  provided  with  round  holes,  so  that 
the  metal  lumps  for  measuring  the  temperature  could  be  inserted,  and 
the  pieces  could  also  be  watched  from  the  side.  In  order  to  expose  the 
upper  parts  of  the  pieces  to  the  action  of  the  flames,  wood  was  also 
piled  along  the  side  of  the  test  specimen.  At  a  conflagration,  such 
high  temperaturest  as  were  used  at  these  experiments,  will  only  occur 
when  there  is  a  draft  of  air,  as  will  take  place  when  wooden  parts  have 
fallen  in  a  heap  and  are  burned. 

Test  Results. 

1st.  Cast  iron  column  of  1  meter  length,  59/10  inches  outside  diam- 
eter, 472/ioo  inches  inside  diameter. 

Tested  Cold. 

The  column  was  in  so  far  defective,  as  its  me+al  was  of  uneven 
thickness,  being  1  centimeter  on  one  side  and  2  centimeters  on  the 
other.  This  column  was  put  in  the  testing  machine  first  with  the 
thicker  side  upward,  so  that  the  initial  eccentricity  of  the  force  was 
small.  At  106.6  atmospheres  equal  to  451,630  pounds,  the  deflection 
downward  was  0.236  inches:  then  the  pressure  was  changed  to  13.1 
Atm.,  equal  to  57,200  pounds,  when  the  deflection  was  still  0.157  inches. 
Then  the  piece  was  taken  out,  proved  to  be  uninjured,  and  replaced  in 
the  testing  machine  with  the  thin  side  upward,  at  which  the  eccentric- 
ity of  the  force  was  0.063  inches.  The  tube  broke  at  101.6  Atm., 
equal  430,452  pounds,  with  a  deflection  of  0.984  inches.  The  fracture 
took  place  in  the  upper  fibre  of  the  metal;  the  fracture  showed  a  shel- 
ly formation  while  in  the  lower  side,  which  broke  by  tension,  the 
fracture  was  of  the  usual  granular  shape.  The  maximum  extreme 
fibre  strain  for  the  compressed  portion  was  computed  to  be  113,400 
pounds  per  square  inch. 

2nd.  The  same  size  cast  column  as  before,  at  high  temperature. 
Thirty-nine  minutes  after  kindling  the  fire  the  column  was  red  hot  on 
the  underside.  The  pressure  applied  was  25.4  (100,000  pounds)  where — 
by  the  deflection  increased  from  0  to  0.185  inches.  Then  the  column 
was  plied  with  water  for  two  and  one  half  minutes,  when  the  deflec- 
tion increased  to  0.335  inches.     After  the  application  of  water  ceased 
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the  deflection  decreases,  and  then  the  heating  is  renewed,  when  after 
a  lapse  of  thirty-six  minutes,  the  deflection  is  reduced  to  0.039  inches; 
and  then  water  applied  again.  The  tube  is  now  bent  upwards,  the 
pressure  is  increased,  and  the  tube  is  cracked  on  the  top  side  and 
breaks  at  36.6  to  41.6  Atm.,  equal  to  155,000  to  176,000  pounds,  with 
a  deflection  upwards  of  0.984  inches.  Here  the  upper  side  of  the  tube 
broke  under  tension,  and  did  not  show  the  shelly  fracture. 

3rd.  Tube  of  the  same  dimensions  as  No.  1  and  No.  2,  but  of 
wrought  iron. 

Testing  Under  Heat. 

The  tube  is  red  hot  at  the  underside  after  sixteen  minutes:  the 
pressure  is  102,000  pounds,  the  deflection  0.137  inches;  it  decreases  to  0 
and  finally  is  0.047  inches  upward.  Then  water  is  applied  for  three 
minutes  whereby  the  bending  upward  increases  to  0.57  inches,  Dur- 
ing the  application  of  water  the  pressure  had  to  be  reduced  86,600 
pounds.  The  pressure  again  being  increased  the  tube  is  entirely  bent 
at  31.4  Atm.,  equal  to  133,760  pounds.  It  had  no  strength  after  this 
and  could  not  resist  the  pressure.  The  pressure  being  reduced  to  20 
.5  Atm.,  the  bending  upwards  was  4.5  inches,  when  the  test  piece 
jumped  the  bearings. 

4th.  Cast  Iron  2  meters  long  (6'  -6  f"),  the  same  diameter  as  be- 
fore 5s/io  inches  outside,  472/ioo  inside. 

Tested   Under  Heat. 

Pressure  up  to  15.4  Atm.,  equal  to  65,000  pounds,  deflection  0  to 
0.9  inches.  After  thirty  minutes  the  column  is  red  hot  underneath, 
when  water  is  applied  for  one  minute  and  the  deflection  increases  to 
1.1  inches.  Then  the  pressure  is  increased  when  the  column  breaks 
at  51.6  Atm. ,  equal  to  218,000  pounds,  and  a  deflection  2.56  inches 
downward;  the  pressure  just  preceding  the  fracture  being  54.6  Atm. 
The  column  was  red  inside,  the  fracture  in  the  lower  half,  in  the  vi- 
cinity of  a  core  support,  showing  many  blow  holes. 

5th.  Wrought  Iron  Tube,  2  meters  long,  same  diameter  as  before, 
oy  io  and  4:2/ioo  inches. 

Tested  Under  Heat. 
Pressure  held  as  before  to  15.4  Atm.,  equal  to  65,000  pounds,  de- 
flection to  0.944  inches.  After  a  lapse  of  fifteen  minutes  the  column 
is  red  hot  on  the  underside.  Water  is  applied  when  the  following  de- 
flections downward  take  place:  0.984;  1.181;  1.456;  and  1.378.  The  col- 
umn is  heated  again  and  in  fifteen  minutes  the  pressure  of  15.4  Atm. 
is  again  applied,  when  the  deflection  downward  is  1.023  inches.  Wa- 
ter is  again  applied  and  the  pressure  increased  when  at  25.4  Atm., 
equal  to  106,000  pounds,  the  column  is  completely  crippled  at  a  deflect- 
ion of  1.97  inches. 

6th.     Cast  Column  2  meters  long,  diameter   5.9  and  4.72  inches  as 
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before,  filled  with  cement  mortar  (composed  of  one  part  cement  to  on© 
part  sand.) 

Tested  Under  Heat. 

Pressure  20.5  Atm. ,  equal  to  86,000  pounds;  deflection  0.078  to 
1.22  inches.  After  eighteen  minutes  the  column  is  red  hot  under- 
neath. As  the  cast  iron  column  never  showed  any  cracks  it  was  de- 
termined to  test  this  piece  with  particular  care  with  reference  to 
cracking.  For  that  reason  the  column  after  futher  heating  for  four 
minutes,  was  turned  so  that  the  red  hot  side  was  on  top.  Six  pails  of 
water,  in  a  sharp  well  directed  stream  were  thrown  upon  this  red  hot 
part.  The  tube  remained  whole  and  was  then  tested  to  destruction. 
The  deflection  could  not  be  measured,  as  the  column  was  turned  over 
and  the  indicator  removed.  At  61.6  Atm.,  equal  to  260,000  pounds, 
there  was  a  detonation  and  explosion.  The  mortar  had  been  wet  yet, 
and  the  close  fitting  end  bearings  preventing  the  escape  of  the  steam 
formed  inside  the  tube,  caused  the  explosion.  The  tube  proved  some- 
what stronger  on  account  of  the  inside  filling. 

7th.  Cast  column,  as  before  2  meters-  long,  5.9  and  4.72  outside 
and  inside  diameter,  filled  with  cement  mortar  (One  part  cement  to 
three  parts  sand)  and  through  the  cement  a  wrought  iron  pipe  of  2.36 
inches  outside  diameter  and  0.118  inches  thickness  of  metal,  also  filled 
with  cement  mortar. 

Tested  Under  Heat. 

At  a  pressure  of  20.5  Atm.,  equal  to  86,000  pounds,  deflection  1-1 
inch.  After  thirty  minutes  the  column  is  red  hot  underneath.  Wa- 
ter is  plied  upon  the  under  side,  but  no  cracks  are  caused.  After 
fourteen  minutes  more  the  column  becomes  red  hot  on  the  sides  also. 
Water  is  thrown  upon  the  sides  but  no  cracks  appear.  The  pressure 
is  increased  when  at  51.6  Atm.,  equal  to  218,600  pounds  and  a  deflect- 
ion of  1.73  inches,  the  column  breaks.  Immediately  before  the  fract- 
ure the  pressure  was  46.6  Atm.,  equal  to  195,700  pounds  and  the  deflec- 
tion 2.36  inches.  The  fracture  is  close  fitting,  and  the  two  parts  are 
held  together  by  the  wrought  iron  pipe  inside.  The  whole  is  lifted  up 
with  a  crane",  taking  hold  of  one  end,  but  both  parts  remain  together  in 
the  bent  condition  as  they  were.  When  the  tube  was  put  on  the 
floor  the  tw;o  parts  closed  up  perfectly.  According  to  the  result  of 
this  test  a  Cast  Iron  Column  will  remain  servicable,  when  cracked  by 
heat,  if  in  the  middle  a  small  wrought  iron  pipe  is  cast  with  the  col- 
umn. 

8th.     Cast  Column,  2  meters  long,  5.9  and  4.72  outside  and   inside 
diameter  as  before.     The  column  outside  protected  by  a  cement  mor- 
tar coating  of  0.236  inches  (one  part  cement  to  three  parts  of  sand.) 
Tested  Under  Heat. 

Pressure   30.4  Atm.,  equal   to    127,600  pounds,    deflection  0  to  2.21 
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inches  upwards.  After  fifty  minutes  water  is  applied  and  the  heat 
continued.  The  coating  is  heated  below,  and  although  many  parts  of 
it  drop  out,  the  column  withstands  the  heat  very  well  for  thirty-five 
minutes  more  in  full  fire,  but  after  further  five  minutes  it  must  be 
broken  on  account  of  lack  of  time.  Pressure  at  fracture  66.6  Atm., 
equal  to  282,200  pounds  with  a  deflection  upwards  of  1.18  inches.  A 
column  like  this,  but  unprotected  by  coating,  broke  hot  at  a  pressure 
of  231,000  pounds. 

9th.  Wrought  Iron  tube,  2  meters  long,  outside  and  inside  diamet- 
ers 5.9  and  4.72  inches  respectively  as  before.  Protected  outside  by 
cement  coating  of  0.236  inches  thickness,  (one  part  cement  to  three 
parts  sand). 

Tested  Hot. 

Pressure  of  20.5  Atm.,  equal  to  86,000 pounds,  deflection  0.878  inch- 
es upwards.  After-  thirty  minutes  the  coating  underneath  is  amlost 
at  white  heat.  Water  is  applied  on  the  top  and  on  the  sides,  whereup- 
on the  coating  splits  on  the  sides.  Then  the  heating  is  continued,  and 
after  one  hour  and  thirty-five  minutes  more,  the  tube  is  destroyed  on 
account  of  lack  of  time.  Greatest  pressure  51.6  Atm.,  equal  to  218,- 
600  pounds.  The  greatest  pressure  for  a  similar  tube  when  cold  was 
227,000  pounds.  The  tube  would  have  stood  well  for  sometime  yet, 
as  after  taking  the  same  out,  while  the  coating  was  still  heated,  the 
interior  of  the  tube  was  cool  enough  to  permit  fche  introduction  of  the 
hand. 

10th.  Riveted  Colnmn,  2  meters  long,  protected  by  a  shell  of 
wood  1.17  inches  thick,  and  sheet  iron  cover  of  0.039  inch  thickness. 
Pressure  kept  at  20.5  Atm.,  equal  to  86,000  pounds,  deflection  0  to  2.27 
inches  upwards.  After  thirty-three  minutes  the  coating  is  red  hot  on 
underside.  After  forty-three  minutes  it  is  almost  at  a  white  heat. 
After  an  hour  water  is  thrown  on  top,  and  after  an  hour  and  three 
minutes  the  column  is  destroyed.  Greatest  pressure  at  71.6  Atm., 
equal  to  301,000  pounds,  and  a  bending  upward  of  2.36  inches.  After 
removing  it  from  its  bearings  the  column  is  scarcely  at  boiling  heat; 
the  wooden  covering  is  entirely  charred  on  the  underside  and  half 
charred  on  top.  All  three  specimens  protected  by  a  coating  showed 
therefore  very  good  results.  In  the  following  we  give  the  results  of 
a  few  experiments,  for  comparison,  in  which  the  bearings  of  the 
specimens  were  fixed  or  square. 

11th.  Ornamental  cast  column,  5.9  outside  diameter,  4.72  inside 
diameter,  2  meters  long. 

Tested   Under  Heat. 

Points  of  support  eccentric,  pressure  kept  at  25.4  Atm.,  equal  to 
105,600  pounds;  deflection  downward  0  to  0.41  inches.  After  eighteen 
minutes  the  column   is  red  hot  underneath.     Water  is  applied  for  one 
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and  one  half  minutes  when  the  deflection  increases  to  0.51  inches. 
After  twenty-eight  minutes  water  is  applied  from  below.  No  cracks 
appear  and  the  column  is  bent  upward  0.27  inches.  Now  a  keg  of  wa- 
ter in  a  smart  stream  is  plied  upon  the  base,  one  on  the  cap  and  one 
on  the  center  of  the  column.  No  cracks  are  visible.  The  column  is 
again  heated  and  tested  to  destruction.  It  breaks  at  a  pressure  of 
86.6  Atm.,  equal  to  370,000  pounds,  and  a  deflection  of  1.57  inches. 

12th.  Cast  column  2  meters  long,  5.9  outside,  4.72  inside  diameter. 
Tested  Under  Heat. 

The  column  was  so  placed  in  the  testing  machine  that  its  centre 
axis  was  0.67  inches  below  the  centre  line  of  piston;  pressure  kept  at 
30.4  Atm.,  equal  to  127,600  pounds;  deflection  0  to  0.196  inches  upward. 
After  twenty-seven  minutes  the  column  is  red  hot:  water  is  applied 
from  above  for  one  and  one  half  minutes;  the  deflection  increases  to 
0.395  inches.  After  thirty-eight  minutes  the  pressure  is  increased  to 
76.6  Atm.,  equal  to  324,500  pounds  with  a  bending  upward  of  1.57  in- 
ches. As  it  became  dangerous  to  make  observations  the  column  was 
not  tested  to  destruction.  A  similiar  column  broke  with  rounded  sup- 
ports at  231,200  pounds. 

]  .  Riveted  column,  2  meters  long,  tested  between  parallel  sup- 
ports exposed  to  fire  on  all  sides.  The  plates  were  on  the  upper  and 
underside;  pressure  kept  at  15.4  Atm.,  equal  to  63,800  pounds,  deflect- 
ion 0  to  0.354  inches  downward.  After  forty  minutes  the  column  is 
red  hot  underneath,  water  is  plied  upon  it,  whereby  the  deflection  re- 
cedes to  0.255  inches.  The  pressure  is  increased  to  20.5  Atm.,  equal 
to  86,000  pounds.  After  forty-seven  minutes  the  column  is  again  red 
hot,  and  after  a  second  application  of  water  the  deflection  receded  to 
0.039  inches  downward.  The  column  is  then  tested  to  destruction, 
with  the  following  results: 

Pressure  40.8  Atm.,  deflection  upwards  0.78  inches. 

Pressure  40.8  Atm.,  deflection  upwards  1.17  inches. 

Pressure  28.4  Atm.,  deflection  upwards  1.14  inches. 

Pressure  25.4  Atm.,  deflection  upwards 4.72  inches. 

Pressure  20.5  Atm.,  deflection  upwards  5.51  inches. 

Greatest  pressure  40.8  Atm.,  equal  to  172,700  pounds. 

This  concludes  the  translation  of  Engineer  Luehmanns  Paper.  I 
was  induced  to  select  this  Paper  and  come  forward  with  a  translation, 
rather  than  an  original  essay  on  some  other  subject,  because  I  hold 
that  its  contents  are  of  great  importance,  and  deserve  careful  consid- 
eration on  the  part  of  the  Profession  in  this  time  of  unprecedented  use 
of  metal  in  the  construction  of  buildings.  The  Paper  contains  data 
derived  from  careful  experiments,  which  ought  to  help  us  to  arrive  at 
correct  conclusions  as  to  the  use  of  cast  and  wrought  iron  for  building 
purposes,  and  the  value  of  protecting  such  material  against  the  action 


98  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

of  heat.  Believing  the  Paper  of  such  merit  as  to  be  worthy  to  be 
brought  to  the  notice  of  American  Engineers  and  Architects,  I  have 
taken  pains  to  translate  the  same,  at  the  same  time  transforming  all 
the  metric  figures  into  our  own  standard  measures,  which  is  the  only 
credit  I  claim  in  bringing  this  Paper  before  the  Society. 


SOME   TRIALS    AND   RESPONSIBILITIES    OF   THE    ENGINEER. 


Address  Delivered  by  Retiring  President,  Mr.  E.  H.  Wilson,  Mon- 
tana Society  of  Civil  Engineers. 


[January  9,  1892.  J 

In  taking  leave  of  you  as  president  to-day  I  wish  to  lay  to  the  door 
of  business  cares  and  occupations  my  non-attendance  at  many  of  our 
meetings.  The  year  has  been  a  prosperous  one  for  Montana  and  I 
doubt  not  that  I  may  congratulate  you  all,  fellow  members,  upon 
sharing  to  the  full  Montana's  prosperity,  for  the  various  new  enter- 
prises and  continued  successes  of  older  ones  are  intimately  associated 
with  the  labors  of  the  profession.  During  the  year  many  new  works  in 
all  fields  of  labor  have  been  inaugurated.  A  comparatively  local  road 
has  projected  itself  westward  and  promises,  thanks  to  the  genius  and 
wisdom  of  the  hands  controlling  it,  to  be  one  of  the  best  transcontinen- 
tal lines.  This  enterprise,  rendering  fertile  the  latent  resources  of  a 
comparatively  unknown  country,  opens  to  us  and  to  all  Montana  a 
vast  Held  of  usefulness  and  profit.  New  mining  enterprises  of  rare 
promise  and  fruition,  in  which  engineers  have  done  their  part,  have 
added  to  the  fame  of  the  state.  The  time  is  upon  us  when  the  finer 
instincts  and  abilities  of  the  engineer  must  take  the  place  of  rougher 
rule  of  thumb,  which  has  sufficed  heretofore;  and  here,  gentlemen  of 
the  society,  I  would  say  a  few  words  as  to  what,  I  submit,  should  be 
our  duties  as  engineers,  to  ourselves,  to  our  society  and  to  our  em- 
ployers. 

Clients  have  been  too  much  led  to  think  that  the  engineer's  place 
in  an  enterprise  is  one  of  a  machine:  that  he  may  possibly  be  relied  up- 
on to  furnish  distances,  directions  and  elevations  which,  submitted  to 
the  client,  may  be  used  in  the  finer  calculations  which  properly  consti- 
tute engineering,  and  which  by  some  hidden  instinct  the  client  passes 
upon.  Take  the  irrigation  question  which  is  now  agitating  the  state. 
The  engineer  is  employed  to  direct  the  level  and  is  too  often  relegated 
to  the  position  in  the  enterprise  of  a  machine.  The  estimation  of  the 
flow  of  water,  the  choice  of  grades  for  his  canal,  its  dimensions,  (depend- 
ing upon  many  things  really,  character  of  material,  etc.,)  the  methods 
of  deflection — all  these  essential  elements  m  the  plan  are  passed  upon 
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too  often  by  the  projector,  who  assumes  what  should  be  the  function  of 
the  engineer,  and  places  that  employe  in  the  mere  place  of  a  collector 
of  data.  No  engineer  of  proper  respect  for  his  profession  should  per- 
mit this  or  should  allow  his  name  to  be  connected  with  an  engineer- 
ing plan  (unless  pushed  by  hunger)  which  ignores  his  profession. 

One  of  our  canal  enterprises  has  become  notorious  as  an  example  of 
failure, — large  sums  of  money  invested  in  constructing  a  work  which 
was  useless  from  the  lack  of  water  to  fill  it.  Such  mistakes  reflect 
too  often  on  the  engineer,  when  really  he  has  little  to  do,  beyond  driv- 
ing stakes,  in  the  enterprise.  "We  all  doubtlessly  are  employed  as 
surveyors,  but  in  whatever  capacity  we  find  work,  let  us  take  a  pride 
in  doing  it  well  and  thoroughly.  Those  coming  after  us  will  not  go 
further  than  our  names  in  criticising  adversely  poor  work  with  which 
we  have  been  connected.  If  it  is  only  the  measurement  of  a  line,  do  it 
well.  If  it  is  only  the  setting  of  a  stone,  do  it  thoroughly.  If  it  is 
only  the  re-establishment  of  a  section  corner  refuse  to  allow  the  hurry 
of  an  employer  to  connect  your  name  with  faulty  work.  Carry  com- 
mon sense  with  you  everywhere  and  remove  the  reproach  too  often 
heard  in  comments  of  the  ignorant  upon  the  difference  between  theory 
and  practice.  You  will  have  enough  to  bear  in  any  event.  Even  the 
track  layer  is  disposed  to  sneer  at  us,  because  in  his  experience  some 
so-called  engineer  has  wanted  him  to  cut  a  rail,  to  place  a  frog,  instead 
of  placing  it  at  the  right  joint  and  shaping  his  survey  accordingly. 

A  notable  instance  of  blaming  the  engineer  for  results  for  which  he 
was  not  responsible  occurred  in  my  own  experience  some  years  ago. 
When  the  first  smelter  at  Anaconda  was  in  course  of  erection,  I  was 
called  upon  to  locate  connections  therewith.  I  got  such  figures  from 
the  smelter  people  as  to  tonnage  to  be  delivered  above  their  works,  as 
warranted  me  in  locating  such  a  grade  as,  avoiding  heavy  rock- work, 
made  it  possible  for  one  engine  to  do  all  the  switching  in  the  Anacon- 
da yard,  with  ample  margin  for  contingencies.  The  road  was  built; 
the  smelter  started:  and  then  came  the  additions  to  its  capacity  as  the 
mine  developments  warranted.  The  first  contemplated  treatment  of 
300  tons  per  day  was  increased  to  500,  to  1,000,  to  1,500  and  more,  and 
our  steep  grade  was  found  provoking  and  costly.  Were  the  original 
figures  of  a  smelter  considered  in  hunting  a  scape-goat  for  a  mistake 
in  judgment  of  everyone  but  the  engineer?  No.  The  "engineer  who 
located  such  a  grade  was  unqualifiedly  condemned. 

So  you  will  find  always.  If  a  scape-goat  for  some  failure  is  wanted 
it  is  too  often  the  engineer's  name  which  is  sought.  Do  not  the  ridic- 
ulous mistakes  of  the  Union  Pacific  in  climbing  summit  after  summit 
in  order  to  finally  get  back  to  the  waters  of  the  North  Platte  still 
stand  as  a  monument  of  incapacity  to  its  engineers?  And  still  the 
pressure  for  cheap  and  hasty  construction,  the  dangers  attending  ex- 
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posures  to  hunger,  cold,  and  hostile  savages  drove  the  line  along 
the  overland  wagon  road,  and  away  from  the  river  canyons  and  river 
grades,  and  now,  only  the  engineer  is  blamed  for  the  mistakes  of  his 
employers.  I  beseech  you  in  all  your  practice,  do  not  permit  the  sel- 
fish wishes  of  employers  to  allow  you  to  slight  your  own  work.  Do 
not  do  "cheap"  work.  Do  not  as  you  value  your  future  reputations, 
permit  yourself  to  enter  into  competition  for  employment  which  in- 
volves slighting  your  work  or  leaves  a  monument  behind  you  which 
may  be  quoted  as  an  example  of  ignorance,  incapacity,  or  rascality. 
Insist  upon  taking  a  stand  above  that  of  the  old-time  "county  survey- 
or'' and  though  you  do  his  work,  insist  upon  exercising  your  talents,  as 
engineers,  rather  than  as  laborers  at  so  much  per  day.  In  employ- 
ment in  positions  of  trust,  as  dealing1  with  titles,  clients  disposed  to 
take  unfair  and  fraudulent  advantages  of  others,  should  understand 
that  they  should  look  for  men  to  do  their  dirty  work  outside  of  the 
members  of  our  society.  Let  us  carry  into  our  professional  relations 
with  the  public  a  full  realization  of  the  dignity  of  our  profession  and 
refuse  to  debase  it,  to  the  mere  level  of  a  bread-winning-  trade. 

In  taking  leave  of  you  in  my  official  capacity,  I  wish  again  to  as- 
sure you  of  my  full  appreciation  of  the  honor  you  have  conferred  up- 
on me.  I  beseech  you  not  to  measure  that  appreciation  by  my  attend- 
ance to  the  duties  of  the  president,  and  believe  me,  that  the  prosperity 
of  Montana,  the  profession  and  the  society  is  my  dearest  wish. 


THE  DAG  UN  SAL  DEL  EEY,  OE  THE  KING  OF  SALT  LAKES. 


By  Geo.  W.  Waite,  Member  Western  Society  of  Engineers. 


[Read  March  2,  1892]. 

While  locating  the  New  York,  Texas  and  Mexican  Railway  in  the 
spring  of  1882  from  Victoria  to  Brownsville,  Texas  (some  325  miles), 
for  Count  Joseph  Telf ener  and  his  brother-in-law  John  Mackey  of  Cali- 
fornia, I  received  instructions,  at  Santa  Rosa  Ranch,  to  make  a  thorough 
examination  of  the  great  Salt  Lake,  situated  some  ten  miles  west  of 
the  line  of  survey . 

With  my  Mexican  guide  and  a  few  of  my  party  I  started  early  in 
the  morning  with  teams,  but  had  no  roads,  and  soon  reached  the  Lake 
to  the  west  edge  of  the  Chaparral  belt  that  we  were  in.  We  found  it 
to  be  in  a  basin  with  no  apparent  inlet  and  only  an  outlet  at  high  wa- 
ter. At  that  time  the  Lake  was  very  low,  about  one  mile  in  di- 
ameter and  nearly  round;  surrounded  by  small  hills  covered  with 
scrub  oaks  and  other  kinds  of  shrubbery.     The  hills   were  from  twen- 
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ty-five  to  fifty  feet  high.  When  the  Lake  rose  about  six  feet,  it  would 
overflow  towards  the  south-east  into  the  tributaries  of  the  Rio  Grande 
River;  and  our  guide  said  at  such  times,  cattle  would  drink  the  water 
a  few  hundred  feet  down  the  outlet,  but  only  when  the  water  was  at 
its  highest  stage,  and  then  only  for  a  few  days.  All  the  surplus  wa- 
ter has  to  come  from  the  clouds. 

The  Lake,  as  we  found  it,  had  a  sand  beach  from  one  hundred  to  two 
hundred  feet  wide,  and  the  surface  under  the  water  was  covered  with 
a  layer  of  crystallized  salt,  beginning  at  nearly  nothing  in  thickness  at 
the  edge,  and  increasing  to  the  centre,  where  it  was  about  seven  inch- 
es thick;  and  the  water  over  the  salt  floor  increased  very  slowly  in 
depth  from  the  edge  towards  the  centre,  where  it  was  only  from  six 
to  eight  inches  deep. 

We  tried  at  first  to  go  in  bare-footed,  but  only  succeeded  in  getting 
in  about  two  hundred  feet  from  shore,  when  the  sharp  crystals  cut 
our  feet  so  that  we  had  to  return;  then  we  tried  to  go  in,  in  our 
stocking  feet,  but  we  only  got  some  one  hundred  feet  farther,  when 
we  had  to  return  the  second  time,  for  our  boots,  on  account  of  the 
crystals  still  hurting  our  feet  through  our  socks.  The  first  one  hun- 
dred feet  would  not  quite  bear  us,  but  after  that  we  had  no  difficulty 
in  reaching  the  centre.  The  heaviest  loaded  teams  can  drive  through 
the  Lake  anywhere  without  danger.  Where  the  crust  next  to  the 
edge  will  not  hold  up,  the  sand  is  so  solid,  that  it  will  hold  up  the 
heaviest  load.  When  about  half  way  to  the  centre  we  commenced 
to  cut  holes  through  the  crust  and  take  frequent  soundings.  We 
found  substantially  the  following  results:  First,  some  four  to  eight 
inches  of  water  on  top,  then  from  five  to  seven  inches  of  salt;  then 
about  one  foot  of  black  decayed  vegetable  mould,  the  odor  from  which 
was  very  offensive.  Next,  a  second  layer  of  salt  from  two  to  three 
inches  thick;  then  another  layer  of  soft  material  similar  to  the  first, 
and  about  the  same  thickness;  then  a  third  layer  of  salt  from  one  to 
two  inches  thick,  and  lastly  from  three  to  four  more  feet  in  depth  of  the 
same  black  material,  but  not  quite  so  offensive  to  the  smell  as  the 
first  layer,  under  the  top  crust  of  salt.  Under  all  this,  the  iron  rod 
struck  something  as  hard  as  rock,  and  we  were  of  the  opinion  that  the 
Lake  lay  on  a  bed  of  quarry  rock  salt,  as  all  the  soundings  struck  this 
same  hard  bottom  at  about  the  same  depth.  We  found  men  with  ox- 
en and  very  large  carts,  with  the  necessary  implements,  cutting  the 
salt  in  to  cakes  and  hauling  them  out  on  to  the  water,  and  after  moving 
through  the  water,  all  the  black  slush  would  wash  off  clean,  leaving 
the  salt  apparently  pure,  without  a  speck  of  impurities  mixed  with 
it.  They  were  hauling  it  to  Brownsville,  some  fifty  miles  south- 
east, and  selling  it  at  a  good  price,  on  account  of  the  quality.  One 
singular  fact  about  this  Lake  is  that  in  a  few  months,  the  hole  will  fill 
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again  to  the   same    thickness,   thus  making  the   supply  perpetual. 

The  warning  signals  to  teams,  placed  in  the  open  space  do  not  have 
to  remain  but  a  short  time,  as  the  crystallization  will  become  suffi- 
ciently thick  to  bear  the  heaviest  load. 

During  the  rebellion,  when  the  seaports  were  blockaded  and  the 
salt-works  on  Padre  Island  were  closed,  the  people  of  Texas  not  only 
supplied  themselves  with  salt  from  this  Lake  but  it  was  sent  to  other 
states  direct,  and  via  Mexico. 

No  sign  of  a  living  thing  was  found  in  the  Lake;  but  bones  and 
deer  horns  were  met  with  and  some  old  logs,  all  of  which  were  coat- 
ed with  salt  crystals,  above  and  below  water,  and  fairly  shone  in  the 
dazzling  rays  of  the  scorching'  sun,  which  was  worse  for  the  eyes  than 
the  brightest  snow. 

A  kind  of  salt  marsh  grass  grows  all  around  the  Lake,  but  at  a 
respectful  distance  from  the  beach.  The  beach  was  as  clean  as  a  sea- 
beach,  constantly  washed  by  the  ebb  and  flow  of  the  tide. 
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BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


December  16,  1891. — A  regular  meeting  was  held  at  Rogers  Building,- 
Massachusetts  Institute  of  Technology,  Boston,  at  19:40  o'clock.  Presi- 
dent Stearns  in  the  chair.    47  members  and  26  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Frank  L.  Fales  and  Ernest  W.  Clarke  were  elected  members  of 
the  Society. 

The  sum  of  850  was  appropriated  for  subscriptions  to  periodicals, 
binding  and  other  expenses  of  the  library. 

On  motion  of  Mr.  Spalding,  a  vote  of  thanks  was  passed  to  the  Phila- 
delphia &  Reading  Coal  &  Iron  Co.,  and  to  the  Boston  Tow  Boat  Co.,  for 
courtesies  extended  to  the  members  of  the  Society  on  the  occasion  of  the 
visit  to  the  Mystic  Wharves. 

Mr.  Doane  for  the  committee  to  prepare  a  memoir  of  Samuel  M.  Fel- 
ton,  an  honorary  member  of  the  Society,  submitted  its  report.  Mr.  Doane 
gave  a  brief  outline  of  Mr.  Felton's  life  and  spoke  particularly  of  his  early 
associations  with  him.  A  fine  steel  portrait  of  Mr.  Felton  was  also  pre- 
sented by  the  committee,  with  the  recommendation  that  it  be  suitably 
framed. 

Mr.  Doane  for  the  committee  on  Permanent  Quarters  reported  pro- 
gress. 

Mr.  H.  H.  Carter  read  the  paper  of  the  evening  entitled  "Stony  Brook 
and  its  Improvements."  The  paper  was  illustrated  by  a  large  number  of 
lantern  views  and  working  drawings. 

After  a  short  discussion  of  the  paper  by  the  President  and  Messrs. 
FitzGerald  and  Smith,  the  Society  adjourned. 

S.  E.  Testkham,  Secretary. 


January  18, 1892.  A  regular  meeting  was  held  at  Young's  Hotel, 
Boston,  at  19:45  o'clock.  President  Stearns  in  the  chair.  Eighty-four 
members  and  fifteen  visitors  present. 

At  the  suggestion  of  the  President,  the  by-law  prescribing  the  order 
of  business  was  suspended  and  the  question  of  choosing  a  committee  to 
nominate  officers  was  taken  up.  The  following  members  were  elected 
upon  nominations  from  the  floor,  to  retire  and  report  a  committee  of  five 
to  nominate  officers  for  the  ensuing  year:  C.  F.  Allen,  F.  W.  Hodgdon,  H. 
H.  Carter,  Albert  H.  Howland  and  A.  F.  Noyes.  Later  in  the  meeting 
this  committee  reported  the  following  as  a  nominating  committee  and 
they  were  unanimously  elected.  Desmond  FitzGerald,  Dexter  Brackett 
R.  A.  Hale,  G.  T.  Sampson  and  H.  D.  Woods. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Bert  A.  Parlin  and  Winslow  L.  Webber,  were  elected  to  mem- 
bership. 

The  President  announced  the  death  of  Charles  W.  Drake  and  Sophus 
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Haagensen  members  of  the  Society,  and  on  motion,  the  President  was 
requested  to  appoint  committees  to  prepare  memoirs.  The  President 
named  as  these  committees,  Messrs.  H.  B.  Wood  and  E.  S.  Dorr  on  me- 
moir of  Mr.  Drake;  and  Messrs.  L.  Bradford  and  T.  T.  H.  Harwood  on 
memoir  of  Mr.  Haagensen. 

It  was  voted  to  have  the  usual  annual  dinner  and  Mr.  Henry  Manley 
was  appointed  a  committee  with  full  powers  to  make  the  necessary  ar- 
rangements. 

President  opened  the  discussion  of  the  evening  upon,  "Municipal 
Government,"  by  calling  attention  to  one  of  the  most  important  of  its 
functions,  the  construction  and  maintenance  of  the  great  public  works  of 
a  city,  and  gave  the  amounts  expended  in  Boston  for  public  works  and  for 
all  other  purposes,  showing  that  for  the  year  1890-91,  the  former  was  fully 
one- half  of  the  total  expenditures. 

He  then  introduced  Mr.  Robert  Moore,  of  St.  Louis,  Chief  Engineer  of 
the  Merchants  Terminal  Railway  of  St.  Louis  and  formerly  a  member  of 
the  Board  of  Public  Improvements  of  that  city.  Mr.  Moore  read  a  very 
interesting  paper  entitled,  "Municipal  Engineering  in  St.  Louis." 

Short  papers  giving  the  outlines  of  the  form  of  municipal  government 
in  several  larger  cities  of  the  country  were  presented  as  follows: 

Boston,  by  William  Jackson,  City  Engineer. 

New  York,  by  Francis  M.  Scott,  Aqueduct  Commissioner. 

Providence,  by  J.  Herbert  Shedd,  City  Engineer. 

Philadelphia,  by  Prof.  Dwight  Porter. 

Buffalo,  by  E.  B.  Guthrie,  Deputy  City  Engineer. 

Paris,  France,  by  H.  D.  Woods,  C.  E. 

Owing  to  the  lateness  of  the  hour  and  to  afford  an  opportunity  for  dis- 
cnssion,  the  last  two  papers  were  not  read. 

The  remainder  of. the  meeting  was  devoted  to  a  discussion  of  the  sev- 
eral papers,  but  more  especially  to  that  on  St.  Louis.  Mr.  Moore  very 
kindly  answering  numerous  questions,  with  regard  to  the  working  of  the 
government  of  that  city. 

At  the  conclusion  of  the  discussion,  Mr.  FitzGerald  moved  a  vote  of 
thanks  to  Mr.  Moore  for  the  very  valuable  paper  which  he  had  read  and 
an  expression  of  our  appreciation  of  the  trouble  he  had  taken  in  coming  so 
far  to  deliver  the  paper  in  person  before  the  Society.  The  motion  was 
unanimously  carried. 

On  motion  of  Mr.  Howe  a  vote  of  thanks  was  also  passed  to  Mr.  Scott, 
Mr.  Shedd  and  Mr.  Guthrie,  for  the  papers  which  they  had  prepared. 

Adjourned.  S.  E.  Tinkham,  Secretary. 


WESTERN  SOCIETY  OF  ENGINEERS. 


January  6,  1S92.  Annual  Meeting:— The  287th,  and  Annual  Meet- 
ing of  the  Society  was  held  at  the  Sherman  House,  January  6,  1892,  with 
some  110  members  and  guests  present.  President  L.  E.  Cooley  in  the 
chair.  The  meeting  was  called  to  order  later  than  the  programme  indi- 
cated, due  to  delay  caused  in  working  out  the  final  details  of  the  annual 
election  of  officers  under  the  new  By-laws. 

The  minutes  of  the  preceding  meeting  were  approved,  and  the  Secre- 
tary then  presented  his  report  for  1S91. 

The  following  names  of  applicants  for  membership  in  the  Society 
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were  received:  L.  D.  May,  F.  C.  Williams,  Jr.,  Wilson  M.  Vinyard,  Mel- 
ville Brown,  F.  A.  Macdonald,  E.  H.  Bethel,  L.  H.  Evans,  Richard  D. 
Gottlieb.  Carlton  R.  Dart,  Vibe  C.  Spicer,  Wilmer  W.  Salmon,  Jas.  S. 
Robinson,  Henry  M.  Sperry,  Joseph  I.  Kelley,  Albert  W.  Smith,  John  W. 
Clarke,  Geo.  M.  Walker,  Sam'l  M.  Rowe,  Edwin  Duryea,  Wm.  A.  Parker. 
Mr.  S.  S.  Greeley  resumed  membership. 

Mr.  L.  P.  Morehouse: — The  Secretary  made  mention  of  the  fact 
that  Col.  Mason,  the  first  president  of  the  Society,  had  died  within  a  few 
days.  If  this  is  the  proper  time,  I  would  say  that  it  seems  to  me  that 
some  action  on  the  part  of  the  Society  would  be  proper  under  the  circum- 
stances. A  committee  might  be  appointed  for  the  purpose  of  drawing  up 
a  suitable  resolution. 

Col.  Mason  was  not  largely  known,  I  suppose,  to  the  younger  members 
of  the  Society,  but  all  of  the  older  men  knew  him  very  well.  For  many 
years  he  was  a  very  prominent  man  in  the  city  of  Chicago,  and  before 
that  time  in  the  engineering  profession  in  the  West.  He  came  to  Illinois 
in  1S51  as  chief  engineer  of  the  Illinois  Central  Railroad  Company.  That 
was  his  principal  engineering  work  in  the  West,  although  he  was  subse- 
quently connected  with  many  important  enterprises.  He  was,  I  think 
the  consulting  engineer  for  the  deepening  of  the  Illinois  Canal  some 
twenty  years  ago.  In  New  England  he  was  well  known  as  an  engineer 
before  he  came  to  the  West,  and  altogether  his  name  is  one  that  the  pro- 
fession may  be  proud  of,  His  career  has  been  honorable  in  every  partic- 
ular. Wherever  he  has  been  known  he  has  been  respected  as  a  man  and 
as  an  engineer.  He  was  the  first  president  of  this  Society,  also  one  of  its 
organizers,  and  always  a  valuable  member,  I  would  move  that  a  commit- 
tee of  three  be  appointed  to  draft  a  suitable  memorial  in  regard  to  Col. 
Mason. 

The  motion,  seconded  by  Mr.  Geo.  S.  Morison,  was  put  to  vote  and 
unanimously  carried. 

The  President:—  I  think  it  would  be  appropriate  at  this  time  partic- 
ularly, to  hear  from  the  committee  on  the  International  Engineering  Con- 
gress for  '93,  a  subject  that  is  pretty  large,  and  very  properly  can  be 
brought  up  at  a  meeting  of  this  kind.  I  would  call  upon  Mr.  Chanute  to 
inform  the  members  of  the  Society  what  the  status  of  the  movement  is. 

Mr.  O.  Chaxute:- There  is  but  little  to  report.  The  committee  is 
now  endeavoring  to  organize  the  distribution  of  the  work  provided  for  the 
International  Congress.  It  is  proposed  that  that  Congress  shall  be  di- 
vided into  appropriate  sections,  as  it  is  believed  that  it  will  be  too  large, 
too  bulky  and  too  cumbersome  to  hold  its  sessions  as,  a  single  body;  it  is 
therefore  proposed  that  after  the  first  joint  session,  at  which  addresses  of 
welcome  shall  be  made,  the  Congress  shall  be  divided  into  certain  sec- 
tsons  consisting  of  one  for  Civil  Engineering,  a  second  of  Mechanical  En- 
gineering, the  third  representing  Mining  Engineering,  the  fourth  Metal- 
lurgical Engineering,  the  fifth  Electrical  Engineering,  the  sixth  Mili- 
tary Engineering,  and  the  seventh  Marine  and  Naval  Engineering. 
That  each  of  those  sections  shall  be  organized  in  advance  by  the 
national  Society  corresponding  thereto,  or  by  that  department  of  the  gov- 
ernment which  corresponds  with  the  military  engineering,  or  with  the 
naval  or  marine  engineering;  that  each  of  those  organizations  shall  ap- 
point in  advance  the  chairmen,  the  vice-chairmen,  the  secretaries  and  the 
advisory  councils  who  are  to  act  in  such  capacities,  shall  endeavor  to  se- 
cure the  attendance  of  the  leading  engineers  of  the  world  in  each  of  thos 
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departments,  and  shall  arrange  for  an  order  of  exercises,  which  is  propos- 
ed to  consist  of  two  classes;  first,  the  discussion  of  subjects  to  be  selected 
by  the  advisory  council  in  advance  which  possess  general  interest  for  all 
engineers,  pertaining  to  that  branch  of  the  profession,  and  secondly,  the 
reading  and  discussion  of  voluntary  papers.  In  order  to  promote  the  dis- 
cussion of  any  subject  it  will  be  necessary  to  prepare  in  advance  some  di- 
gest or  synopsis  of  that  subject, — a  statement  of  the  condition  of  the  art,. 
as  it  were,  so  as  to  have  a  basis  for  discussions,  and  it  will  be  necessary 
also  to  provide  in  advance  for  some  expert  on  each  subject  in  order  to< 
make  sure  that  the  discussion  shall  be  instructive  and  well  directed. 
There  is  therefore,  as  you  will  perceive  from  this  rough  programme,  a 
great  deal  to  do,  a  great  deal  to  accomplish,  and  it  will  be  necessary  for 
all  engineers  to  aid,  so  far  as  they  can,  in  forwarding  the  work  of  the  com- 
mittee- You  probably  know  that  an  organization  called  the  Auxiliary  of 
the  Columbian  Exposition  has  been  formed  for  the  purpose  of  promoting 
this  Congress,  and  that  it  has  appointed  a  general  committee  of  manage- 
ment for  the  Engineering  Congress,  and  also  an  advisory  council.  An 
engineering  committee  chiefly  consisting  of  the  gentlemen  who  have  al- 
ready been  appointed  as  the  Executive  of  the  joint  engineering  societies,, 
the  principal  engineering  societies  of  this  country,  have  formed  an  organ- 
ization through  which  they  propose  to  accomplish  two  things:  first,  to 
promote  the  engineering  congress  in  a  general  way,  and  secondly,  to 
maintain  during  the  entire  time  of  the  Exposition  here,  a  headquarters  for 
the  receiving  and  entertainment  of  all  engineers,  both  foreign  and  Ameri- 
can, who  may  come  here  to  visit  the  Exposition.  In  addition  to  that  it 
will  probably  be  necessary  to  make  arrangements  for  the  purpose  of  guid- 
ing foreign  engineers  through  the  Exposition,  showing  them  the  various 
things  they  may  desire  to  see,  and  furnishing  them  information.  These 
are,  so  far  as  I  know,  the  present  plans,  present  status  and  present  pros- 
pects of  this  Engineering  Congress  and  proposed  Headquarters,  and  I 
would  say  that  the  sum  of  $15,000  is  now  being  raised  among  the  engin- 
eers of  the  country  in  order  to  defray  the  expenses. 

The  President  directed  the  attention  of  the  Society  to  the  necessity 
of  looking  into  the  question  of  quarters,  the  lease  of  the  present  rooms 
expiring  on  May  1,  and  called  for  action. 

It  was  moved  and  seconded  that  the  committee  on  Permanent  Quar- 
ters be  directed  to  consider  the  matter  and  report  to  the  Society. 

The  resolution  of  Mr.  C.  T.  Purdy,  presented  at  the  December  meet- 
ing, in  the  matter  of  steel  and  iron  structural  material  in  the  new  system  • 
of  tall  buildings,  was  again  laid  over,  by  consent,  until  more  time  could 
be  given  the  subject. 

The  following  motion  presented  by  Mr.  Geo.  S.  Morison  was  seconded 
and  carried: 

That  a  list  of  the  members  of  the  Society,  and  also  a  copy  of  the  Con- 
stitution and  By-laws,  be  published  and  distributed  among  members  dur- 
ing the  present  month. 

Me.  O.  Chaxute: — Before  the  meeting  adjourns  I  wish  to  submit  a 
resolution.  The  committee  on  Bridge  Legislation  found  itself  compelled 
to  give  some  annoyance  to  the  gentlemen  in  possession  of  the  information 
which  they  sought,  and  I  think  they  ought  to  be  thanked.  I  therefore 
beg  to  offer  this  resolution: 

Whereas,  Much  of  the  value  of  Report  of  the  Committee  on  Bridge 
Legislation,  recently  made  to  this  Society,  is  due  to  the  information  con- 
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cerning  the  practice  of  other  countries  and  states,  gathered  by  the  com- 
mittee, therefore: 

Besolved,  That  the  thanks  of  this  Society  be  tendered  to  Mr.  James 
Forrest,  of  London,  to  Mr.  T.  Seyrig,  and  Mr.  E.  Pontzen.  of  Paris,  and 
to  Mr.  Geo.  C.  Crocker,  of  Boston,  Mass.,  who  furnished  this  information, 
and  that  the  secretary  be  instructed  to  send  to  each  of  those  gentlemen  a 
copy  of  this  resolution. 

The  resolution  was  seconded  and  carried  unanimously. 

President  Cooley. — In  this  connection  I  would  say,  I  think  it  would 
be  proper,  unless  there  is  some  business  not  now  known,  to  have  the  sub- 
ject of  Bridge  .Legislation  made  the  special  order  for  the  next  meeting. 
President  Cooley's  Address. 

I  note  that  the  programme  puts  down  the  retiring  president  for  an  ad- 
dress. At  the  beginning  of  this  term  he  escaped  making  an  address  on  the 
general  plea  that  it  was  not  required  of  a  man  to  buckle  on  his  armor,  and 
now  that  he  is  about  to  put  it  off,  he  does  not  feel  the  obligation.  The  fact 
is.  the  president  does  not  intend  to  make  an  address  for  this  evening,  for 
the  very  good  reason  that  he  has  not  had  time  and  opportunity.  He  has 
had  very  grave  measures  of  state  weighing  on  his  mind  for  some  time,  and 
the  strain  entailed  leaves  him  neither  in  condition  or  mood  to  prepare  an 
address.  I  wish,  however,  to  congratulate  the  Society  on  the  progress  made 
during  the  last  two  years,  on  the  growth  that  we  have  attained  and  on  the 
excellent  character  of  the  membership  and  especially  the  new  membership 
which  has  come  into  the  Society.  The  Society  is  getting  to  be  strong,  and 
we  have  taken  up  a  class  of  subjects  which  have  interested  the  public  and 
have  been  of  utility  in  considering  matters  connected  with  the  good  for- 
tune of  this  community  and  of  this  Society  and  I  am  thoroughly  in  sym- 
pathy with  that  view.  Perhaps  we  have  worked  out  that  lead  to  a  certain 
extent,  and  may  have  to  take  a  new  tack,  for  the  next  year,  and  for  that 
we  all  wish  to  have  a  new  man  at  the  helm.  There  are  some  questions  com- 
ing before  the  Society  in  the  immediate  future  which  seem  to  me  to  be  im- 
portant. We  have  reached  a  stage  of  growth  where  we  have  got  to  go 
one  way  or  the  other.  We  have  got  to  take  upon  ourselves  either  larger 
proportions,  or  perhaps  smaller  proportions,  and  there  are  certain  questions 
which  are,  likely  to  come  up  in  the  next  year  in  connection  with  the  fu- 
ture of  the  Society,  in  connection  with  the  provisions  which  must  be  made 
to  maintain  its  progress  and  development  and  influence,  and  in  connection 
with  the  responsibility  and  dignity  which  it  should  assume  in  connection 
with  this  World's  Fair,  which  will  require  the  very  gravest  consideration 
—will  require  a  great  deal  of  energy,  and  be  associated  with  all  the  enthu- 
siasm which  you  can  inject  into  your  pocket-books. 

If  I  had  been  disposed  or  been  able  to  make  a  longer  address  this  year, 
I  should  have  devoted  my  attention  in  the  line  of  the  address  which  I 
made  last  year,  which  dealt  largely  with  the  ideal  state  which  engineering 
might  hope  sometime  to  attain.  It  is  a  good  deal  like  our  religious 
thought;  sometimes  we  set  an  ideal  which  we  never  attain  until  the  mil- 
lenium,  but  it  is  a  good  thing  to  have  these  ideals,  in  order  that  we  may 
aim  for  them.  So  I  set  a  gauge  for  engineers  at  that  time  which  I  do  not 
expect  will  be  attained  until  the  millenium.  During  the  past  year  I  have 
had  occasion  to  do  a  great  deal  of  thinking,  and  under  circumstances 
which  made  a  man  think,  and  those  thoughts  have  come  to  me  a  second 
time,  and  if  I  were  disposed  to  make  an  address  or  write  one,  it  would  be 
wholly  upon  the  subject  of  technical  education,  not  upon  technical  educa- 
tion as  now  given  in  our  schools,  which  is  good  and  proper,   but  upon  the 
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idea  that  technical  education  should  be  spread  throughout  the  generations 
of  men,  as  you  might  say,  as  a  basis  for  business  and  for  thinking,  and  the 
status  of  every  engineer  in  every  community  will  be  vastly  improved  when 
his  constituency  is  composed  of  men  who  can  appreciate  how  and  what  an 
engineer  thinks.  I  have  no  doubt  that  in  this  country  where  the  people 
are  supreme —  where  the  people  very  properly  do  everything,  that  when  it 
comes  to  the  matter  of  public  works,  that  we  spend  at  least  50  per  cent, 
more  than  is  necessary,  and  do  a  vast  number  of  things  unwisely  that  we 
would  not  do  if  the  constituency  generally  was  properly  educated  and  the 
functions  of  engineering,  as  an  art  and  as  a  science,  were  better  appreci- 
ated. 

Then  I  should  look  upon  the  question  of  technical  education  also  in 
another  view,  as  something  that  is  in  harmony  with  the  spirit  and  pro- 
gress ot  our  age,  as  something  that  is  to  be  in  no  sense  a  bread  and  butter 
education,  but  is  in  the  highest  degree  a  culture.  There  is  a  good  deal 
that  can  be  said  in  that  direction  as  against  the  old  school  methods  of  edu- 
cation, which,  if  I  devoted  time  to  it,  I  think  I  could  say  in  very  good 
shape;  I  will  not  attempt  to  do  it  so  extemporaneously. 

And  that  brings  me  along  to  this  point,  we  have  not  in  Chicago  or  in 
the  vicinity  of  Chicago,  a  proper  school  for  technical  education.  We  have 
many  and  grand  schools  throughout  the  country,  but  not  enough  of  them. 
This  city  has  become  the  second  manufacturing  city  in  the  Union  and 
is  in  position,  perhaps  more  than  any  other  city,  to  support  and  to  furnish 
facilities  for  students  in  tha*;  line,  and  I  think  the  Society  should  interest 
itself  in  this  matter.  We  have  institutions  of  learning  in  the  vicinity  of 
Chicago,  some  very  good  ones,  and  we  have  a  very  great  one  that  is  pro- 
posed and  furnished  with  a  large  endowment,  I  think  it  is  a  matter  that 
the  Society  may  very  properly  consider,  as  to  whether  it  cannot — as  to 
whether  it  should  not — in  some  way  or  other  have  some  influence  in  agi- 
tating this  matter,  and  bringing  about  something  in  that  direction,  which 
will  be  an  honor  and  credit  to  our  city  and  to  our  Society  and  to  every- 
body who  may  be  connected  with  it.  That  is  the  general  thought  which 
I  wish  to  bring  out. 

In  regard  to  the  Society  itself,  so  far  as  I  have  been  instrumental  in 
advising  in  regard  to  its  policy,  I  have  been  looking  forward  to  the  day 
when  the  Society  should  have  some  available  revenue  aside  from  that  nec- 
essary to  maintain  a  sort  of  an  eleemosynary  existence — a  sort  of  hand  to 
mouth  existence.  The  last  three  or  four  years  we  have  anticipated  the 
revenue  to  a  certain  extent  and  up  to  this  time  we  have  made  no  mistake 
by  doing  so.  but  as  our  dues  are  now  fixed,  as  the  policy  of  the  Society  is 
now  fixed,  it  is  not  possible  to  hope  for  the  attainment  of  a  surplus  reve- 
nue, or  such  a  revenue  as  will  enable  money  to  be  applied  to  the  work  of 
committees,  and  to  the  work  which  the  Society  may  properly  do.  We 
have  useful  men  in  the  Society,  very  useful  men,  some  four  hundred  of 
them,  and  all  of  them  are  willing  to  serve  on  committees;  many  of  them 
can  give  expert  advice,  equal  to  that  of  any  one  in  the  country,  in  regard 
to  the  subjects  which  may  be  referred  to  them,  but  none  of  them  are  in 
position  to  give  weeks  of  time  voluntarily  to  committee  work. 

If  the  Society  wras  in  shape  so  that  it  could  employ  a  secretary,  or  em- 
ploy some  man  to  do  the  actual  work,  the  drudgery  of  committees,  the 
amount  of  work  which  the  Society  could  do,  and  the  amount  of  influence  it 
could  command  for  the  good  of  the  profession  and  the  public  could  be  mul- 
tiplied manifold.     That  is  a  subject  which  I  think  you  can  think  about. 
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There  is  another  matter  also  upon  which  the  (Society  has  taken  some 
action  in  the  past  and  in  which  some  of  the  members  have  taken  a  great 
deal  of  labor  upon  themselves,  and  that  is  the  idea  that  sooner  or  later  in 
this  country  there  will  be  a  federation  of  all  the  Society  interests  in  the 
land.  I  think  everybody  appreciates  the  desirability  of  such  a  plan  as 
that,  and  that  the  sentiment  is  ripe  for  it,  but  up  to  this  time  nobody  has 
been  able  to  propose  a  working  plan  for  such  an  object,  but  I  think  the 
time  will  come,  and  come  perhaps  sooner  than  some  of  us  anticipate. 

Xow  gentlemen,  my  successor  is  not  here — it  is  part  of  the  programme 
that  he  should  take  possession  of  the  office  very  soon— in  fact,  as  soon  as  I 
get  through  talking,  and  I  will  only  say  in  conclusion  that  I  thank  you 
most  fully  and  heartily  for  the  honor  which  you  have  done  me  in  making 
me  your  president  for  the  last  two  years,  and  for  the  consideration  which 
you  have  shown  me  in  the  discharge  of  my  duties,  and  I  only  hope  that  I 
have  deserved  in  some  manner  the  confidence  and  the  enthusiasm  and  un- 
animity with  which  you  have  elected  me  to  that  office.  I  thank  you  gen- 
tlemen. 

A  recess  of  fifteen  minutes  was  here  taken  to  wait  the  report  of  the 
judges  of  election. 

The  Society  was  again  called  to  order  and  the  following  report  was 
presented: 

The  undersigned  judges  of  election  having  performed  the  duties  as- 
signed to  them  report  as  follows: 

For  President— total  number  of  votes  206;  necessary  for  a  choice  104: 
L.  P.  Morehouse,  22;  Isham  Randolph,  100;  John  F.  Wallace,  84. 

For  First  Vice-President — total  number  of  votes  203;  necessary  for  a 
choice  102:  E.  C.  Carter,  134;  H.  E.  Horton,  68;  John  F.  Wallace,  1. 

For  Second  Vice-President— total  number  of  votes  201;  necessary  for  a 
choice  102:  Ira  O.  Baker,  152;  Chas.  Hansel,  49. 

For  Secretary,  Treasurer  and  Librarian — total  number  of  votes  206; 
necessary  for  a  choice,  104:  John  Lundie,  52;  J.  W.  Weston,  154. 

For  Trustee— total  number  of  votes  201;  necessary  for  a  choice  101:  H. 
B.  Herr,  88;  C.  L.  Strobel,  113. 

(Signed)  Thomas  Appleton,  Fremont  Hill,  J.  C.  Des  Granges. 

Considerable  discussion  ensued  upon  the  fact  that  the  voting  by  the 
rules,  had  failed  to  elect  a  President,  and  finally  Mr.  Benezette  Williams 
presented  the  following  motion,  which  was  carried: 

That  the  Board  of  Directors  be  directed  to  call  an  election  for  presi- 
dent in  the  manner  provided  by  the  By-Law  pertaining  to  election  of  offi- 
cers. 

An  adjournment  was  then  taken  to  the  banquet-room,  where  after  due 
time  had  been  spent  in  disposing  of  the  "Menu"  the  Society  was  again 
called  to  order  by  President  Cooley,  who  introduced  as  the  first  speaker  of 
the  evening,  Mr.  L.  P.  Morehouse. 

Mb.  Morehouse  referred  to  the  summary  manner  in  which  he  had 
been  made  a  speaker,  and  also  gave  the  reason  for  declining  the  nomina- 
tion for  president.  He  was  after  a  more  lucrative  office — that  of  alderman. 
In  a  very  amusing  manner  he  treated  of  the  platform  which  he  intended 
to  present  to  his  constituency,  involving  much  engineering  "estimate"  in 
relation  to  the  future  of  the  Chicago  river,  and  having  taken  the  Society 
into  his  confidence  he  trusted  they  would  all  vote  for  him. 

The  Rev.  Coneau  Haxey,  then  delivered  an  address  on  "The  Civil 
Engineer"  which  will  be  found  on  another  page. 
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Me.  Wii/lakd  A.  Smith,  Chief  of  the  Department  of  Transportation. 
World's  Fair,  followed: 

I  have  felt  very  proud  as  I  sat  here  to-night  and  recognized  for  the 
first  time  the  full  significance  of  the  work  of  the  civil  engineer,  that  I  am 
a  member  of  this  Society.  The  words  of  the  last  speaker  have  filled  me 
very  full  of  pride.  I  was  a  member  of  this  association  in  the  days  when 
Mr.  Morehouse  struggled  hard  to  keep  it  alive.  There  was  nothing  in  the 
nature  of  a  coolness,  as  I  recollect;  it  was  more  in  the  shape  of  dampness, 
— something  in  the  shape  of  accumulated  dews  (dues).  Of  late,  however, 
I  have  been  very  proud  to  resume  that  membership.  I  shall  be  very  glad 
to  make  the  acquaintance  of  the  individual  members  more  than  I  have. 

Now  that  I  am  called  upon  to  speak  to  you  to-night  without  text  or 
pretext — I  felt  sure  that  some  subject  would  be  assigned  me  and  I  there- 
fore feel  somewhat  embarassed.  I  inquired  what  I  was  expected  to  speak 
about  and  was  told,  about  three  minutes, — that  was  the  only  satisfaction 
which  I  have  received.  I  am  not  sure  but  the  proper  thing  for  me  to  do 
would  be  to  fall  back  upon  what  the  esteemed  "Tribune"  would  call  "Cool- 
ey's  Tactics"  and  ask  for  more  time.  I  have  not  any  mercy  on  your  hon- 
orable President.  The  last  time  I  met  him  socially  he  seriously  wounded 
in y  pride.  I  was  complaining  that  a  certain  reporter  of  some  paper  had 
called  me  in  an  item  ''General  Smith,"  and  with  his  characteristic  habit  of 
always  apologizing  for  the  press,  Mr.  Cooley  answered,  "Well  you  know, 
Smith  is  a  very  general  name." 

In  the  absence  of  any  special  topic  my  mind  has  wandered  on  many 
things.  I  thought  it  would  be  quite  proper  to  pronounce  some  eulogy  on 
the  engineering  profession,  but  after  what  we  have  just  heard,  what  is  left 
for  me?  I  take  some  comfort,  however,  in  thinking  that  the  whole  thing 
will  round  up  all  right.  A  very  doting  parent  once  said  to  a  friend  "Some- 
times the  confidence,  the-  absolute  confidence  which  my  little  son  has  in 
my  knowledge  and  wisdom  fairly  makes  me  dumb."  The  friend  says: 
••Qli.  I  wouldn't  worry  about  that;  when  he  gets  to  be  20  years  old  he  will 
think  you  don" t  know  any  thing,  so  it  will  average  up  all  right."  So  I 
think  the  speakers  of  the  evening  will  average  up  all  right. 

The  subject  that  comes  to  me  from  20  years'  experience,  is  the  press, 
and  I  was  a  little  fearful  that  that  might  be  the  toast  that  I  should  be 
called  upon  to  respond  to.  There  are  a  number  of  different  kinds  of  press- 
es— cotton  presses;  presses  of  a  fair  lady's  form  in  what  the  printers  call 
the  embrace;  there  is  the  hydraulic  press  with  which  the  engineers  are 
familiar,  and  there  is  the  press  which  draws  its  inspiration,  not  so  much 
from  water  as  from  the  bottle — of  ink.  I  am  sure  that  you  will  all  agree 
with  me  in  eulogizing  the  press  as  one  of  the  mighty  engines  of  the  day, 
unless  it  is  perhaps  your  honored  president.  The  press  is  the  daily  ency- 
clopedia of  all  wisdom  and  knowledge,  the  ultima  thule  beyond  which  we 
are  to  look  for  nothing;  it  is  the  instructor  of  engineers  on  drainage  prob- 
lems and  other  similar  features.  But  my  own  connection  with  the  press 
has  been  a  sort  of  one-sided  one,  a  sort  of  brother-in-law.  I  have  been 
connected  with  a  technical  paper  and  during  that  time  my  experience  has 
brought  me  so  closely  to  the  engineer  that  I  almost  felt  that  I  was  an  en- 
gineer. I  remember  an  editor  who  was  once  called  to  the  witness  stand, 
and  the  lawyer  wanted  to  know  if  he  was  an  engineer.  "Yes  sir,  I  am  an 
engineer."  "Are  you  a  mechanical  engineer?"  "Yes  sir."  "Did  you 
ever  take  a  course  in  engineering?"  "No."  "What  made  you  an  engi- 
neer?" "Oh,"  he  says,  "I  have  written  so  much  on  the  subject  that  I  have 
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sort  of  absorbed  it.  and  I  think  I  am  engineer.'"  So  if  I  am  an  engineer  I 
became  one  by  absorption.  I  do  not  know  that  you  recognize  that 
course  of  training.  The  engineer  is  the  typical  man  of  the  19th  century. 
In  him  the  very  spirit  of  the  age  finds  its  fullest  expression.  The  French 
have  coined  a  phrase  into  an  adjective  which  is  a  very  expressive  one  and 
which  they  are  now  using  in  connection  with  everything  that  is  progress- 
ive, "le  but  du  siecle"  they  say,  that  is,  the  end  of  the  century.  The  en- 
gineer is  the  end  of  the  century  man;  he  is  the  man  who  is  leading  at  the 
close  of  this  19th  century;  he  will  project  himself  ahead  into  the  century 
that  is  to  come.  And  this  brings  me  very  naturally  to  the  theme  which  is 
upon  all  our  minds  in  the  beginning  of  this  last  decade  of  the  19th.  century, 
that  final  blaze  of  glory  which  shall  illuminate  the  close  of  the  century 
and  extend  far  beyond,  the  World's  Columbian  Exposition. 

It  is  my  privilege  to  be  connected  with  that  exposition  in  the  capacity 
of  Chief  of  the  Department  of  Transportation  Exhibits,  not  of  Transpor- 
tation, as  your  president  has  announced.  That  has  brought  me  very  close- 
ly again  in  connection  with  the  engineering  fraternity.  In  the  discus- 
sions which  have  been  had  in  connection  with  the  World's  Exposition  was 
one  as  to  the  exhibition  which  should  be  made  by  the  engineers.  It  was 
proposed  at  one  time  that  there  should  be  a  large  collection  of  engineer- 
ing models  of  all  kinds.  The  magnitude  of  the  thing,  I  think,  was  the 
reason  why  it  has  not  gone  through.  Possibly  there  was  another  rea- 
son. The  World's  Fair  is  divided  naturally  into  departments.  Into  what 
department  of  the  World's  Fair  can  you  go  in  which  the  science  of  engi- 
neering does  not  play  an  important  and  vital  part?  If  you  take  up  the 
study  of  ethnology,  you  will  find  much  of  the  engineer  there;  if  you  come 
to  the  liberal  arts,  engineering  is  itself  a  liberal  art;  if  you  come  to  the  de- 
partment of  manufactures  what  would  it  be  without  engineering  in  its 
different  branches!  So  if  you  go  to  the  Department  of  Agriculture;  so  if 
you  go  to  the  Department  of  Machinery;  so  if  you  go  to  the  Department 
of  Fish  and  Fisheries,  and  even  in  the  Department  of  Art  itself,  but  find- 
ing its  fullest  exhibition  in  the  Department  of  Transportation.  Transpor- 
tation is  the  distinctive  science  of  the  19th  century;  it  is  the  one  thing 
among  all  others  that  distinguishes  this  century  from  all  others.  Preced- 
ing centuries  have  made  their  mark  in  religion,  in  philosophy  and  in  let- 
ters, but  it  has  remained  for  the  19th  century  to  open  the  highways  and 
the  by-ways  of  the  world  by  the  modern  science  of  transportation,  to  offer 
highway  to  all  things  good  and  all  things  broad,  and  scatter  the  light  of 
modern  civilization  to  the  darkest  portion  of  the  earth.  Therefore  I  say, 
in  our  department  of  transportation  exhibits,  including  all  departments 
of  exhibits,  whether  used  upon  the  land  or  in  the  sea  or  in  the  air,  or  in  all 
other  forms,  the  science  of  engineering  shall  find  its  highest  exposition  at 
the  Columbian  Exposition.  Gentlemen,  I  ask  for  this  department  your 
kindly  consideration  and  co-operation,  and  it  is  in  your  power  to  render  it 
of  much  interest;  it  is  in  your  power  to  give  us  many  valuable  suggestions; 
it  is  in  your  power  to  criticise  in  a  friendly  character;  we  get  a  great  deal 
of  criticism  of  the  other  kind,  which  often  reminds  me  of  the  story  of  the 
man  who  was  walking  by  a  taxidermist's  shop  and  saw  an  owl  in  the  win- 
dow; he  looked  at  it  and  said, — "Who  ever  saw  an  owl  standing  in  such  a 
position?  who  ever  saw  an  owl  holding  his  head  in  that  way?  Who  ever 
saw  an  owl  with  feathers  in  that  way?"  And  just  as  he  was  about  to  turn 
away  in  disgust  the  owl  changed  to  the  other  foot  That  is  the  charac- 

ter of  most  of  the  criticism,  I  am  sorry  to  say,  which  we  are  obliged  to 
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meet  with  in  any  great  work.  You  engineers  know  how  that  is.  Gen- 
tlemen, I  am  mindful  of  the  limit  of  time  at  my  command,  and  I  am  afraid 
if  I  trespass  the  President  is  likely  to  work  in  that  Skokie  cut-off  on  me. 

Me.  Randolph  briefly  referred  to  the  result  of  the  election  and  his 
own  efforts  had  he  have  been  elected.  Expressing  a  word  of  eulogy  on 
Col.  R.  B.  Mason,  and  referring  to  the  eloquent  address  of  Mr.  Haney  he 
closed  with  thanks  to  the  Society. 

Col,.  R.  O'S  Burke  expressed  his  pleasures  at  the  discourses  of  the 
evening,  warmly  eulogising  the  speech  of  Rev.  Mr.  Haney,  and  suggested 
going  a  little  further  on.  He  said:  "Let  us  take  this  period  that  he  re- 
fers to,  that  we  may  class  as  a  series  of  ages  that  have  terminated  in  dis- 
grace and  disorder  and  the  clash  of  wars;  let  us  look  beyond  that  and  leap 
over  a  series  of  years  into  the  future  and  travel,  if  you  wish,  with  some 
stray  citizen  of  the  years  to  come.  Travel  with  him  over  the  ruins  of  the 
present  day,  noticing  at  the  time  the  evidence  existing  of  the  achieve- 
ments of  present  science,  but  passing  over  these  ruins,  pause  if  you  will  at 
a  monument  with  the  crumbling  associations  of  ages  around  it,  yet  still 
retaining  marked  lines  of  strength  and  form.  Brushing  away  the  dust 
of  ages,  we  will  read  on  its  face:  "Erected  to  the  one  great  curiosity  of 
the  19th  century,  the  politician  who  was  found  capable  of  doing  justice  to 
the  engineering  profession."  Pass  on  a  little  further,  we  will  find  anoth- 
er monument;  brush  from  that  also  the  evidence  of  the  ages,  clean  the 
face  of  it  and  strive  to  deciper  the  characters  imprinted  thereon,  and  we 
will  see,  "Erected  to  commemorate  the  conclusion  of  the  Chicago  elevat- 
ed railroads  in  the  year  3472."  Pass  on  a  little  further  and  you  will  dis- 
cern yet  another  monument;  pause  if  you  wish, — treat  it  with  the  same 
care  and  tenderness,  because  age  demands  that  consideration  from  your 
hands;  read  also  the  legend  on  that:  "Erected  to  commemorate  the  con- 
clusion of  the  Chicago  Sanitary  Drainage  Enterprise  in  the  year  4766." 
And  so  on,  the  people  of  the  ages  will  wander,  glance  over  these  monu- 
ments and  entertain  for  us,  as  we  do  now,  for  those  who  have  been  so 
splendidly  painted  by  the  speaker  of  this  evening, — profound  regard  for 
the^ngineers  of  this  period,  who,  in  spite  of  lack  of  feeling,  or  support, 
face  to  face  with  the  evidence  of  lack  of  sympathy,  doubt,  and  apprecia- 
tion, ten  thousand  conflicting  agencies  that  to  a  certain  extent  make  in 
road  upon  the  profession, — as  I  said,  the  critics  of  the  profession  of  that 
period  will  be  ready  to  do  us  justice  and  wonder  that  even  these  enter- 
prises were  finished  at  all,  after  all  the  opposition  that  had  been  present- 
ed against  them. 

Col.  Burke  closed  his  remarks  by  alluding  to  the  speech  of  Mr.  More- 
house, and  the  figures  it  contained,  and  told  the  story  of  the  Irishman 
and  his  little  pig,  which  ate  two  buckets  full  of  food  but  did  not  after  the 
feast  more  than  half  fill  the  pail  himself.  The  story  convulsed  the 
assemblage. 

The  speaker  closed  by  referring  to  the  needs  of  the  profession  "We 
ought  to  have  an  Engineers'  Building  in  this  city;  we  ought  to  have  a 
complete,  thorough  co-operation  between  all  the  members  of  the  profes- 
sion, from  one  end  of  the  United  States  to  the  other,  for  the  protection  of 
professional  honor,  professional  privileges,  professional  prosperity  and 
professional  happiness." 

After  the  recitation  of  a  poem  by  Mr.  W.  J.  Karner,  the  meeting  ad- 
journed. 

John  W.  Weston,  Secretary. 
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ENGINEERS'  CLUB  OF  MINNEAPOLIS. 


Thursday,  Jan.  7th,  1S92. — The  annual  meeting  was  held  at  the  Pub- 
lie  Library,  President  Pike  in  the  chair. 

Minutes  of  the  preceding  meeting  were  read  and  approved. 

Mr.  Pardee's  bill  on  account  of  experiments  on  efflorescence  on  brick 
was  ordered  paid. 

It  was  voted  that  a  committee  of  three  be  appointed  to  provide  for  the 
next  joint  meeting  with  the  St.  Paul  Club,  to  be  held  in  Minneapolis  Feb. 
4th. 

The  chair  appointed  Messrs.  Nexsen,  Huntress  and  Cappelen. 

The  secretary  then  read  his  report  as  follows:  — 
To  the  President  and  Members  of  the  Engineer's  Club  of  Minneapolis, 

According  to  the  constitution  I  beg  to  report  as  follows: — 

The  finances  of  the  club  are  in  good  condition  according  to  the  follow- 
ing figures. 

Receipts. 

Cash  on  hand  Jan.  14th  1891 $  26.78 

Cash  by  assessments 181.00 

Cash  by  individual   assessments  on  account  of  Journal 

for   1890 6.00 

Total $  213.78 

Expenditures. 

Stationery $  14.60 

To  Association  Journal S0.14 

Engineering  News  to  June  1892 5.00 

Engineering  &  Building    Record  to  June,  1892 4.00 

Engineering  Congress  at  World's  Fair  Chicago 36.00 

To  entertaining  the  St.  Paul  Club 63.50 

To  Reports  etc 1.15 

Stamps  etc 5.45 

Total  Expenditures $  209.84 

Cash  on  hand 3.94 

Total $  213.78 

Taking  the  cash  on  hand $      3.94 

Dues  yet  to  be  collected , 23.00 

Total  assets $  26.94 

Three  members  were  dropped  from  the  rolls  for  non-payment  of  dues, 
one  member  resigned. 

One  new  member  was  elected  and  qualified,  one  member  elected  but 
has  not  yet  qualified. 

Total  resident  members 25 

Total-non  resident  members 3 

Total 28 

I  think  it  fair  to  state  that  the  club  has  been  more  prosperous  during 
the  last  year  than  for  several  years  previous  and  for  this,  much  is  due  to 
our  President,  Prof.  Pike,  who,  together  with  President  Mason  of  the  St 
Paul  Society,  inaugurated  a  series  of  joint  meetings  between  the  two  clubs.' 
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We  have,  all  told,  had  five  joint  meetings,  3  in  St.  Paul  and  two  in  Minne- 
apolis, at  which  meetings  a  better  grade  of  papers  than  usual  has  been 
presented,  at  least,  as  far  as  the  Minneapolis  Club  is  concerned. 

Papers  read  at  these  meetings  were  by  the  following  Minneapolis  gen- 
tlemen, viz: — 

The  History  of  the  Minneapolis  sewerage,  by  Mr.  W.  D.  VanDuzee. 

The  late  Suspension  Bridge  of  Minneapolis,  by  Mr.  F.  W.  Cappelen. 

Geodetic  Leveling,  by  Prof.  W.  R.  Hoag. 

And  by  the  following  St.  Paul  gentlemen  viz: — 

On  Bricks,  by  Mr.  Rundlette. 

On  Railroad  Tunneling,  by  Mr.  Woodman. 

The  attendance  at  these  meetings  was  considerably  greater  than  at 
others,  and  the  social  intercourse  resulting  between  members  of  the  two 
clubs  can  but  be  of  benefit  generally. 

Two  special  meetings  were  called  to  discuss,  finances,  entertainments 
etc. 

At  the  special  meeting  held  May  12th  '91  the  club  took  quite  an  im- 
portant step  in  so  far  that  the  Association  Journal  was  ordered  for  26 
members.  The  club  had  in  1890  practically  lost  its  connection  with  the  As- 
sociation and  it  was  really  a  matter  of  courtesy  of  the  Board  of  Managers, 
not  to  drop  us  all  together.  The  Journal  is  a  toe  important  link  be- 
tween the  different  clubs  and  their  members  throughout  the  country,  to 
be  neglected  on  account  of  an  expense  of  hardly  $3.00  per  annum  per  mem- 
ber in  good  standing. 

At  other  regular  meetings  papers  were  read  by: 

Mr.  Olaf  Hoff  on  Bridge  Erection. 

Prof.  Pike  on  Leede's  gas  apparatus  for  burning  petroleum  as  fuel. 

Mr.  Elbert  Nexsen  on  Railway  construction  in  Peru.  S.  A.  on  the  Cal- 
lao.  Lima  &  Oroya  R'y. 

The  club  has  also  taken  proper  and  active  part  in  the  matter  pertain- 
ing to  the  Engineering  Congress  to  be  held  at  the  World's  Fair  in  Chicago 
and  has  already  paid  one-half  of  its  assessment  to  defray  the  expenses  of 
said  congress.  Probably  too  much  can  not  be  said  about  thevbenefits  that 
may  accrue  to  the  club  from  that  source. 

I  beg  to  ask  the  members  to  take  as  much  active  part  in  the  delibera- 
tions of  the  club  as  possible  and  lighten  the  work  of  the  officers  by  volun- 
tarily contributing  to  the  literary  entertainments  of  the  meetings,  notify- 
ing the  secretary  a  little  in  advance  of  the  meeting. 

I  also  beg  to  call  the  members  attention  to  the  fact  that  from  now  on 
the  only  day  open  for  our  meetings  will  be  the  first  Thursday  of  each 
month.  Respectfully  submitted, 

F.  W.  Cappelen,  Sec'y  &  Treasurer. 

The  report  was  adopted  and  placed  on  file. 
Mr.  Abbott  was  appointed  auditor. 

The  following  gentlemen  were  elected  officers  for  the  ensuing  year. 
Wm.  A.  Pike,  President. 
W.  W.  Redfield,  Vice-President. 
F.  W.  Cappelen,  Sec.  &  Treas. 
A.  B.  Coe,  Librarian. 

Elbert  Nexsen  member  of  Board  of  Managersof  Engineering  societies. 
The  librarian  was  instructed  to  make  out  a  list  of  journals,  periodicals 
etc.,  needed  to  complete  the  library. 

An  assessment  of  four  (4)  dollars  was  ordered. 
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It  was  voted  to  pay  the  janitor,  Mr.  Runge,  ten  (10)  dollars  for  services 
rendered. 

Mr.  Hoff  moved  that  the  chair  appoint  a  committee  of  two  to  furnish 
a  list  or"  engineering  books,  books  of  reference  &  periodicals  in  both  Eng- 
lish and  foreign  languages  and  report  to  the  club,  with  the  object  in  view 
of  requesting  the  Library  Board  of  the  City  of  Minneapolis  to  buy  such 
books  and  subscribe  for  such  periodicals  as  were  not  already  in  the  Public 
Library.  Carried  Mr.  Hoff  and  Mr.  Cappelen  were  appointed  as  such  com- 
mittee. 

The  secretary  was  instructed  to  notify  all  members  in  regard  to  this 
motion  with  a  request  to  each  member  to  send  in  a  list  of  such  publica- 
tions as  he  might  desire  to  have  purchased. 

Adjourned.  .  ~F.  W.  Cappelen,  Sec'y. 


MONTANA  SOCIETY  OF  CIVIL  ENGINEERS. 


January  9, 1892.— The  Annual  Meeting  of  the  Society  was  held  at  the 
office  of  Messrs.  Sizer  and  Keerl. 

The  meeting  was  called  to  order  at  3:30  p.  m.,  by  President  Wilson. 

The  following  members  were  present:— Messrs,  Wilson,  (Chairman), 
McRae,  Sizer,  Pearis,  Darling,  Harper,  Haven,  Camming,  Jones,  Knight, 
Keerl,  Foss,  Wheeler,  Herron,  Hovey,  Goodale,  Bundock  and  Deutsch. 

The  Secretary  read  the  minutes  of  the  last  meeting  which  were  unani- 
mously approved. 

Mr.  Keerl  read  an  application  for  admission  to  the  Society  from  J.  P. 
Gutelius  of  Butte,  Montana,  which  set  forth  that  gentleman's  qualifica- 
tions and  was  endorsed  by  Messrs.  Knight,  Wilson  and  Harper.  Mr.  Gute- 
lius was  present  at  the  meeting  and  on  motion  of  Mr.  Sizer  he  was  invited 
to  attend  the  banquet  at  the  Helena  Hotel  in  the  evening. 

Secretary  J.  S.  Keerl  then  read  his  report  for  the  past  year.  The 
membership  numbers  59  active,  and  three  associate  members,  one  member, 
Robert  J.  Walker,  having  been  removed  by  death  during  the  year.  The 
report  was  adopted  as  read,  and  referred  to  the  Board  of  Trustees  for 
action. 

Mr.  A.  S.  Hovey  presented  his  report  as  Treasurer,  which  showed  the 
receipts  during  the  year  to  have  been  $580.03  and  the  expenditures  $450.32 
leaving  a  balance  in  the  hand  of  the  Treasurer  of  $129.71.    This  report 
was  also  referred  to  the  Board  of  Trustees  for  action. 

The  election  of  officers  then  followed,  Messrs  Foss  and  Hovey  being 
appointed  by  the  Chair  to  act  as  tellers.    The  following  were  elected: 

President,  Col.  W.  W.  de  Lacey. 

First  Vice-President,  A.  B.  Knight. 

Second  Vice-President,  J.  S.  Keerl. 

Secretary  and  Librarian,  F.  D.  Jones. 

Treasurer,  Albert  S.  Hovey. 

Trustee,  for  three  years,  E.  H.  Wilson. 

Mr.  Wilson,  the  retiring  president,  delivered  an  address  on  vacating 
the  chair,  which  is  given  in  the  body  of  the  Journal. 

Mr.  A.  B.  Knight  in  the  absence  of  President  de  Lacey  then  took  the 
chair,  and  Mr,  F.  D.  Jones  assumed  the  position  of  Secretary  in  the  place 
of  Mr.  J.  S.  Keerl. 

Correspondence  was  presented  from  the  Generai  Committtee  of  Engi- 
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neering  Societies  at  the  World's  Fair  asking  that  the  Montana  Society 
should  take  steps  to  raise  $120,  its  pro  rata  share  of  $15,000  required  to  meet 
the  expenses  to  be  incurred  by  the  Engineering  Societies  at  the  Exposi- 
tion. Mr.  Keerl  explained  that  already  $50  had  been  appropriated  out  of 
the  General  Fund  for  this  purpose  and  the  question  was  whether  an  extra 
assessment  of  $2.00  per  capita  be  levied  on  the  Members  of  the  Montana 
Society,  or  the  whole  sum  $120  be  made  up  from  the  general  fund.  He 
set  forth  the  specific  advantages  offered  members  of  the  Society  at  the 
Exposition,  and  moved  "That  an  assessment  of  $2. 00  per  member  be  made 
and  the  amount  raised  applied  to  this  fund." 

Mr.  Haven  offered  an  amendment  as  follows:  "That  this  amount  be 
appropriated  out  of  the  general  fund  and  then  an  assessment  be  made  to 
cover  this  amount." 

Mr.  Herron  moved  as  a  second  amendment  "That  an  assessment  of 
$2.00  be  made,  as  moved  by  Mr.  Keerl,  and  then  if  the  amount  called  for 
from  this  Society  be  not  paid  by  June  30,  1892,  that  the  deficit  be  made  up 
from  the  general  fund."  Mr.  Sizer  seconded  the  amendment  of  Mr.  Her- 
ron and  it  was  carried. 

Mr.  Keerl:— "We  have  a  member  in  Chicago,  Mr.  F.  A.  Ross,  and  it 
occured  to  some  of  us,  that  if  Mr.  Wilson  thought  well  of  it,  the'Soeiety 
should  name  Mr.  Ross  as  his  alternate  on  the  general  committee  of  Engi- 
neering Societies  at  the  World's  Fair.  He  moved  "That  Mr.  Ross  be 
named  as  Mr.  Wilson's  alternate  on  this  Committee."  Seconded  by  Mr. 
Wilson  and  carried. 

Mr.  Foss,  Chairman  of  the  Special  Committee  on  public  land  surveys 
then  read  Senator  Power's  letter  to  the  Secretary  a  second  time  which 
embodied  the  main  features  of  his  Senate  Bill  No.  663  looking  for  a  more 
accurate  representation  of  the  topographical  features  of  the  country  in 
Government  land  surveys,  and  submitted  a  report,  which  on  motion  of 
Mr.  Haven  was  adopted. 

Mr.  Sizer  then  moved  that  the  present  Committee  continue  in  office 
with  power  to  draw  up  recommendations  and  forward  them  to  Senator 
Power.    This  was  seconded  by  Mr.  Wilson  and  carried. 

Mr.  Haven  said  that  owing  to  press  of  business  he  had  not  been  able 
to  prepare  a  report  as  chairman  of  the  Committee  on  State  Engineer. 
Mr.  Keerl  thought  there  were  hopes  for  the  appointment  of  a  State  Engi- 
neer if  proper  efforts  were  made  at  the  call  of  the  next  legislature,  and 
he  moved  "That  the  same  special  committee  on  State  Engineer  be  con- 
tinued to  consider  the  question  of  the  creation  of  the  office  of  State  Engi- 
neer."   Carried. 

Mr.  Keerl  also  moved  "That  the  Committee  appointed  to  draw  up 
resolutions  on  the  death  of  Robert  J.  Walker  be  instructed  by  the  Secre- 
tary to  forward  the  same  to  the  relatives  of  Mr.  Walker  and  file  a  copy 
with  the  Secretary  of  the  Society."    Carried. 

Mr.  McRae  who  had  promised  at  the  last  meeting  to  prepare  a  paper 
proposing  amendments  in  the  present  methods  of  running  connection 
lines  in  mineral  surveys  stated  that  he  had  not  had  time  to  attend  to  the 
matter,  but  he  suggested  that  if  the  Society  would  take  the  matter  into 
their  own  hands  and  appoint  a  committee  to  show  the  absurdities  of  hav- 
ing separate  connection  lines,  and  send  copy  of  same  to  the  Commissioner 
of  the  General  land  office  himself,  personally,  the  orders  now  required  by 
tbe  Department  might  be  materially  improved.  He  moved  "That  a  Com- 
mittee of  three  be  appointed  to  prepare  a  petition   to  the  Commissioner 
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with  regard  to  the  absurdities  of  running  connecting  lines  of  mineral 
surveys."  This  was  seconded  by  Mr.  Foss  and  carried.  The  chairman 
appointed  Mr.  Keerl,  Mr.  Wilson  and  Mr.  Wheeler  as  this  committee. 

On  request  of  Mr.  Keerl  Mr.  McRae  promised  to  write  a  paper  on  the 
subject  and  submit  it  to  the  Society. 

Mr.  Herron  moved  "That  our  past  President  be  requested  to  write  out 
his  address  in  full  and  furnish  the  Secretary  with  a  copy  for  publication 
in  the  Journal."    Carried. 

The  Committee  of  arrangements  for  annual  meeting  were  then  called 
on  to  make  their  report.  Mr.  Herron  said  that  all  the  arrangements  had 
been  made  hurriedly  as  they  had  only  been  able  to  get  a  quorum  together 
about  a  week  ago,  and  asked  the  members  to  pass  over  any  defects  or 
faults  in  what  was  said  and  done.  They  would  meet  at  the  Helena  Ho- 
tel at  7:30  P.  M.  and  he  hoped  they  would  have  an  enjoyable  time. 

Mr.  Foss  moved  "That  Mr.  Keerl  be  appointed  manager  of  the  Society 
on  the  Board  of  Managers  of  the  Associated  Societies,  for  the  coming 
year."    Carried. 

The  question  arose  what  committees  the  President  should  name  for 
the  ensuing  year  and  Mr.  Foss  moved  "That  such  committees  be:  A 
committtee  on  Topics,  a  committee  on  Library  and  a  committee  on  Na- 
Public  Works."    Carried. 

Mr.  Foss  then  moved  that  the  society  adjourn  until  9:30  P.  M.  Car- 
ried. 

9:30  at  the  banquet.  Too  much  cannot  be  said  in  praise  of  the  ef- 
ficient work  of  the  Committee  of  arrangements,  the  banquet  was  perfect. 
Mr.  Keerl  as  Toast  Master,  introduced  with  much  skill  the  following  gen- 
tlemen who  responded  to  the  toasts  opposite  their  names. 

Mr.  J.  A.  McKnight,  The  Press. 

Mr.  Haven,  The  Montana  Society  of  Civil  Engineers. 

Mr.  McRae,  Mineral  Land  Surveys. 

Mr.  Goodale,  Miners  and  Mining  Engineers. 

Mi'.  Rolph,  Engineers  and  the  Irrigation  Convention. 

Mr.  Jones,  The  Public  Land  Surveys. 

Mr.  Deutsch,  The  Working  Tools  of  the  Engineer. 

Mr.  Gutelius,  Electric  Power. 

Mr.  Sizer,  Sapphire  and  Ruby  Fields  of  Montana. 

Mr.  Wilson,  The  Engineer  at  the  World's  Fair. 

2  A.  M.  It  was  ordered  that  the  Secretary  inform  Mr.  E.  H.  Beckler 
of  the  Great  Northern  Railway  and  Mr.  W.  L.  Darling  of  the  Northern 
Pacific  that  a  unanimous  vote  of  thanks  was  tendered  these  gentlemen  for 
the  highly  prized  courtesies  extended.  The  Secretary  was  also  instructed 
to  convey  to  Mr.  Herron  the  Society's  appreciation  of  his  services,  in  car- 
rying out  all  the  arrangements  of  the  annual  meeting. 

Resolved,  That  the  hearty  thanks  of  the  Society  are  due  to  the  retir- 
ing officers,  and  especially  to  our  retiring  Secretary,  Mr.  J.  S.  Keerl. 

Francis  D.  Jones,  Secretary. 


THE  CIVIL  ENGINEERS'  CLUB  OF  CLEVELAND. 


January  12,  1892.  Club  met  at  8  o'clock  p.  m.,  with  President  Gobe- 
ille  in  the  chair  and  forty-six  members  and  visitors  present.  The  minutes 
of  the  last  meeting  were  read  and  approved.  Messrs.  Baker  and  Kelly 
were  appointed  tellers  to  canvass  the  ballots  for  new  members. 
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The  librarian  announced  the  receipt  of  several  books  for  the  library. 
Mr.  F.  C.  Osborn  nominated  Messrs.  Mordecai,  Blunt,  Richardson, 
Kingsley  and  Bartol  as  a  committee  to  nominate  candidates  for  officers  for 
the  ensuing  year.  Messrs.  Whitelaw  and  Warner  were  also  nominated. 
All  of  the  nominations  were  seconded.  There  being  seven  candidates  and 
only  five  members  of  the  committee  it  was  voted  that  ballots  be  cast  and 
that  the  five  having  the  largest  number  of  votes  should  constitute  the 
committee.  Messrs.  Bowler  and  Culley  were  appointed  tellers  to  canvass 
these  ballots. 

The  tellers  previously  appointed  reported  that  Mr. Charles  W.  Hopkin- 
son  had  been  elected  an  active  member. 

The  tellers  last  appointed  reported  that  ballots  had  been  cast  as  fol- 
lows: 

Mr.  Mordecai,       ....       29  votes. 
"    Kingsley,        ....        32      " 
"    Richardson,    ....        33      " 
"    Warner.  ....        27      " 

•'    Whitelaw,       ....       26      " 
"    Bartol,  ....        23      " 

"     Blunt,  ....        17      " 

Messrs.  Mordecai,  Kingsley,  Richardson,  Whitelaw  and  Warner  were 
therefore  declared  elected  as  members  of  the  committee. 

Prof.  John  N.  Stockwell  then  read  an  interesting  paper  entiled:  "On 
the  Center  of  all  the  Dry  Land  on  the  Earth's  Surface."  Prof.  Stockwell 
described  the  increasing  wants  of  mankind  as  he  advances  in  civilization, 
and  noted  some  of  the  struggles  that  have  taken  pUce  in  his  efforts  to  es- 
tablish systems  of  weights  and  measures,  and  the  most  noted  of  all  has 
been  thatto  introduce  the  Metric  System.  Its  opponents  have  made  most 
elaborate  researches  to  establish  the  antiquity  of  our  duodecimal  system, 
and  have  even  claimed  it  as  of  divine  origin.  In  their  investigations  they 
have  made  a  most  thorough  exploration  of  the  Great  Pyramid,  and  here 
they  have  found  an  abundance  of  what  they  regard  as  conclusive  evi- 
dence of  the  truth  of  their  position. 

What  they  regarded  as  one  of  their  remarkable  discoveries  was  that  this 
Great  Pyramid  was  situated  at  thecenter.of  all  the  dry  land  on  the  earth's 
surface.  It  is  true  that  the  parallel  of  latitude  which  passes  through  this 
Pyramid  crosses  more  land  than  any  other  parallel,  also  that  the  meridian 
that  passes  through  it  likewise  crosses  more  land  than  any  other  meridian, 
but  it  is  not  true  that  the  hemisphere  which  has  this  Pyramid  for  its  pole 
contains  more  land  and  less  water  than  any  other  hemisphere.  In  fact 
there  are  several  places  which  are  the  centers  of  more  land  than  this 
Pyramid.  The  true  center  of  all  the  dry  land  on  the  earth's  surface  is 
situated  about  1,800  miles  from  this  Pyramid  and  a  little  north  of  east. 

The  paper  was  highly  interesting  and  at  its  close  there  was  a  discuss- 
ion in  which  a  number  of  members  took  part  and  a  number  of  methods 
proposed  for  finding  the  center  as  above  described 

On  motion  adjourned.  A.  H.  Pobtek,  Secretary. 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


358th  Meeting,  January  20,  1892.— The  club  met  at  8  p.  m.,  at  the 
club  rooms,  President  Johnson  in  the  chair  and  thirty-seven  members  and 
three  visitors  present.  The  minutes  of  the  357th  meeting  were  read  and 
approved.  The  Executive  Committee  reported  the  doings  of  the  123d 
meeting. 


PROCEEDINGS.  119 

Mr.  J.  P.  Sneddon  was  elected  a  member  of  the  club. 

Mr.  J.  W.  Woermann  was  proposed  for  membership. 

Mr.  Edward  Flad  then  read  the  first  paper  of  the  evening  on  "An  In- 
clined Cable  Railway  for  Transferring  Freight  Cars  between  the  Upper 
and  Lower  Yards  of  the  Western  Cable  Railway  Company." 

The  paper  described  the  construction  and  operation  of  a  cable  road 
built  for  the  purpose  of  transferring  freight  cars  between  the  tracks  of  the 
Iron  Mountain  Railway  and  Lemp's  Brewery  in  this  city.  The  grade  of 
Potomac  Street,  along  which  the  road  is  built,  is  such  that  it  is  impracti- 
able  to  operate  with  a  locomotive,  hence  the  cable  system  was  adopted. 
Two  loaded  freight  cars  are  transferred  at  each  trip  over  a  maximum 
grade  of  7.2  feet  per  100  feet. 

This  is  the  first  road  of  the  kind  that  has  ever  been  constructed  and 
hence  it  is  of  special  interest.  A  number  of  novel  features  are  introduced. 
There  is  a  safety  stop  device,  by  means  of  which  a  train  weighing  180,000 
pounds  moving  clown  grade  at  the  rate  of  five  feet  per  second  can  be  stop- 
ped within  a  distance  of  five  feet  without  any  serious  shock,  a  hydraulic 
cushion  being  provided  to  take  up  the  energy  of  the  moving  loads.  Elec- 
tric signals  are  transmitted  between  the  train  and  hoisting  engine  through 
an  electric  wire  placed  in  the  core  of  the  steel  cable. 

The  paper  was  illustrated  by  blue  prints  givine  full  details  of  construc- 
tion. 

Discussion  followed  by  Messrs.  Farnham,  Gayler  and  Seddon. 

Mr.   Whitfield  Farnham  then  read  the  second  paper  of  the  evening. 

Mr.  Farnham  gave  a  full  account  of  the  recent  disastrous  colliery  ex- 
plosion at  McAlister,  I.  T.  in  mine  11  of  the  Osage  Coal  &  Mining  Com- 
pany. The  mine  is  well  equipped,  having  duplicate  pumps,  steam  and 
electric,  duplicate  fans  situated  at  considerable  distance  fiom  hoisting 
shaft;  an  electric  plant  for  pumping  and  lighting,  with  the  engines  and 
boilers,  is  housed  in  substantial  stone  buildings.  Two  separate  openings 
or  escapements  shafts  besides  the  air  shaft  are  provided,  and  are  in  daily 
use.  The  main  shaft  is  475  feet  deep.  The  explosion  was  started  at  5:04 
p.  m.,  by  a  blown  out  or  "windy"  shot  or  blast  fired  contrary  to  rules  be- 
fore the  miners  had -been  hoisted  out  of  the  mine.  Gas  or  fire-damp  was 
not  a  factor  in  the  explosion,  and  powder  played  no  part  except  as  fired  in 
the  fatal  shots  in  blasting  down  the  coal.  Coal  dust  seems  the  only  re- 
maining medium  capable  of  carrying  the  explosion  over  the  two  thousand 
feet  or  more  of  entries  which  were  affected  by  the  accident.  The  work  of 
rescue  was  prompt  and  effective,  but  thirty-seven  men  were  brought  up 
dead,  aud  twenty  more  died  in  the  twelve  days  following,  while  about  120 
more  were  more  or  less  injured,  principally  by  burns. 

Discussion  followed  by  Messrs.  Wheeler,  Ferguson,  Seddon,  Potter, 
Hermann,  Crosby,  Johnson  and  Holman. 

Adjourned.  Artiiuh  Thaciieb,  Secretary. 


359th  Meeting,  February  3,  1892.  The  club  met  at  8  p.  m.,  at  the  club 
rooms,  President  Johnson  in  the  chair  and  thirty  members  and  six  visitors 
present.  The  minutes  of  the  358th  meeting  were  read  and  approved.  The 
Executive  Committee  reported  the  doings  of  its  124th  meeting. 

Mr.  J.  W.  Woermann  was  elected  a  member  of  the  club. 

Mr.  Robert  Burgess  was  proposed  for  membership. 

Mr.  A.  L.  Johnson  then  read  the  paper  of  the  evening  on  "Shop  Work 
Inspection."    The  paper  spoke  of  the  difficult  position  of  the  inspector, 
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the  duties  he  had  to  perform,  and  how  best  achieved.  The  processes  of 
manufacture  in  mill  and  shop  were  taken  up  in  detail  and  discussed.  The 
writer  opposed  as  unnecessary  the  requirement  in  the  specifications  for 
%"  round  blow  tests  for  steel.  He  also  thought  open  hearth  steel  more 
reliable  than  Bessemer.  He  favored  only  one  reaming  in  the  shop, 
the  holes  being  punched  %"  smaller  than  the  diameter  of  the  rivet  and 
then  reamed  after  assembling.  This  would  insure  much  better,  more  sol- 
id holes.  The  unreliability  of  machine  countersunk  rivets  was  also  men- 
tioned, and  some  reasons  given  therefor.  The  paper  gave  a  method  for 
keeping  a  very  rigid  account  of  the  daily  progress  of  all  the  parts 
of  the  structure  under  contract,  from  the  mill  to  the  finished  mem- 
ber. This  is  especially  advantageous  incase  any  legal  complications  arise 
about  the  delay  of  the  work.  Tables  were  also  given  for  the  facilitation 
of  the  inspection  and  a  more  perfect  record  of  the  shop  work. 

Discussions  followed  by  Messrs.  Johnson,  Gayler,  Crosby,  Hermann, 
Burnet,  Ockerson,  Pegram,  Wheeler,  Baier. 

President  Johnson  introduced  Mr.  Robert  Burgess,  one  of  the  engi- 
neers of  the  Intercontinental  Railway  Survey.  Mr  Burgess  gave  a  short 
description  of  the  work  of  the  survey  in  the  northern  part  of  South  Amer- 
ica. The  work,  as  far  as  it  had  progressed,  showed  that  it  would  be  per- 
fectly feasible  to  construct  an  intercontinental  railroad. 

Adjourned.  Arthur  Thaciier,  Secretary. 


360th  Meeting,  February  17,  1892.  The  club  met  at  8  p.  m.,  at  Wash- 
ington University,  President  Johnson  in  the  chair  and  fifty  members  and 
eight  visitors  present.  The  minutes  of  the  359th  meeting  were  read  and 
approved.  The  Executive  Committee  reported  the  doings  of  its  125th 
meeting. 

Mr.  Robert  Burgess  was  elected  a  member  of  the  club. 

Messrs.  A.  S.  Cushmau,  A.  H.  Baldwin  and  Morris  Wuerpel  were  pro- 
posed for  membership. 

The  Secretary  read  a  communication  from  the  Committee  of  Engineer- 
ing Societies  of  the  Columbian  Exposition  in  regard  to  the  proposed  Engi- 
neering Congress  and  the  division  of  the  different  branches  of  engineering. 

Mr.  Robert  Moore  then  spoke  on  the  subject  of  "The  Merchant's  Ele- 
vated Terminal  Railway."  Mr.  Moore  exhibited  a  large  number  of  views 
showing  the  work  as  it  progressed  from  the  foundations  to  the  completion 
of  the  structure.  A  number  of  interesting  tests  in  regard  to  fastening  the 
anchor  bolts  for  the  columns  were  described,  and  it  was  shown  that  when 
the  bolts  were  placed  in  rock,  Portland  cement  was  the  most  satisfactory. 
The  illustrations  showed  in  detail  the  manner  of  erecting  the  spans. 

Prof.  J.  B.  Johnson  then  described  "A  Straight  Line  Railway  Survey 
Between  St.  Louis  and  Chicago  "  The  survey  now  being  made  between 
St.  Louis  and  Chicago  for  the  Chicago  &  St.  Louis  Electrical  Railway 
Company  is  proceeding  in  a  direct  line  from  a  chosen  point  in  East 
St.  Louis  to  a  chosen  point  in  Chicago.  A  casual  inspection  of  the  region 
to  be  traversed  indicated  that  a  straight  line  road  would  probably  fit  the 
ground  as  well  as  any  other,  and  would  not  pass  through  any  town  or  vil- 
lage of  importance,  which  for  a  high  speed  road  is  very  desirable.  The 
question  of  grade  also  is  unimportant  in  this  case,  since  grades  as  high  5  or  6 
per  cent,  can  readily  be  overcome  by  a  single  or  double  car  electric  service. 
Since  the  proposed  speed  is  100  miles  per  hour,  it  is  a  real  advantage  to 
avoid  curves.    If  a  straight  line  can  as  well  be  secured,  therefore,  as  any 
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other,  it  was  thought  best  to  do  so.  The  direction  of  this  line  has  been 
computed  from  the  known  latitude  and  longitude  of  the  two  terminal 
points,  and  the  line  is  being  run  by  a  transit,  the  forward  points  being  set 
by  double  reversals  of  the  instrument,  and  bisecting  the  space  between  the 
two  positions.  The  Azimuth  of  the  line  will  be  checked  every  ten  miles 
by  observations  on  Polaris,  made  at  any  convenient  hour,  using  a  table 
especially  computed  for  such  work. 

The  subject  was  discussed  by  Messrs.  Ockerson,  Baier,  Ferguson,  Col- 
by, Moore,  Hermann,  Crosby,  Nipher,  Blaisdel,  Laird,  Adams  and  Maxon. 

Adjourned.  Akthur  Thachek,  Secretary. 


Editors  reprinting  articles  from  this  journal  are 
requested  to  credit  both  the  JOURNAL  and  the 
Society  before  which  stich  articles  were  read. 
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MUNICIPAL   GOVERNMENT  WITH   ESPECIAL  REFERENCE  TO 
THE  MANAGEMENT  OF  PUBLIC  WORKS. 


A  Discussion  Before  the  Boston  Society  of  Civil  Engineers, 
January  18,   1892. 


INTRODUCTION  BY  PRESIDENT  F.    P.    STEARNS. 

We  have  before  us  for  discussion  this  evening  the  subject  of  Muni- 
cipal Government,  and  although  we  have  never  before  discussed  it  as 
a  Society,  I  believe  you  will  agree  with  me  that  it  is  an  appropriate 
subject  for  our  consideration. 

Among  the  most  important  functions  of  municipal  government 
are  the  ordering,  construction  and  maintenance  of  the  great  public 
works  of  a  city,  such  as  the  streets,  water  works,  sewers,  and  parks. 
To  ascertain  the  ratio  of  expenditures  for  these  and  other  public 
works  to  the  expenditures  for  other  purposes  I  have  classified  the  ex- 
penditures of  the  City  of  Boston  for  the  financial  year  1890-91  under  a 
few  prominent  heads,  omitting,  however,  all  interest,  debt  and  sinking 
fund  payments,  and  other  items  of  a  purely  financial  nature.  The  re- 
sults obtained  are  as  follows: 

Construction  and  maintenance  of  public  works %  7,500,000  ' 

Public  safety  and  charity 4,100,000 

Educational  (exclusive  of  buildings) 1,800,000 

Financial,  legal  and  miscellaneous 1,000,000 


&  14,400,000 
It  will  be  seen  from  this  statement  that  fully  one  half  of  the  city's 
expenditures  are  for  public  works,  which  are  for  the  most  part  direct- 
ly within  the  province  of  the  civil  engineer. 
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Even  the  proportion  of  the  total  expenditure  here  mentioned  does 
not  at  all  fully  represent  the  importance  of  the  public  works  as  a  fact- 
or in  the  problem  of  municipal  government:  for  I  believe  that  if  any 
city  had  a  system  by  which  the  public  works  could  be  wisely,  prudent- 
ly and  honestly  ordered,  constructed  and  maintained,  it  would  very 
nearly  have  solved  for  itself  the  vexed  problem  of  municipal  govern- 
ment. 

It  is  self-evident  that  no  system  will  insure  complete  success  in 
the  management  of  public  works  so  long  as  it  is  possible  to  place  in- 
competent and  dishonest  men  in  charge;  but  it  is  also  true  that  the 
character  of  the  men  selected  and  the  efficiency  of  their  work  depends 
very  much  upon  the  system  employed;  and  the  adoption  of  a  good  sys- 
tem is  therefore  a  long  step  towards  good  government. 

Having  reached  the  conclusion  that  Municipal  Government  should 
be  the  subject  for  one  of  our  meetings  this  winter,  we  endeavored  to 
learn  which  of  the  existing  governments  of  the  larger  cities  would 
furnish  the  most  instructive  example  for  presentation  in  the  main  pa- 
per of  the  evening,  and  our  choice  fell  upon  St.  Louis.  It  was  then 
our  rare  good  fortune  to  obtain  from  Mr.  Robert  Moore  of  that  city 
not  only  the  promise  to  furnish  the  desired  paper,  but  also  to  be  with 
us  this  evening.  This  promise  is  now  fulfilled  and  it  gives  me  great 
pleasure  to  present  to  you  Mr.  Robert  Moore,  now  Chief  Engineer 
of  the  St.  Louis  Merchants'  Bridge  Terminal  Railway,  and  formerly 
a  member  of  the  Board  of  Public  Improvements  of  that  city. 


MUNICIPAL  ENGINEERING  IN  ST.  LOUIS. 


BY  ROBERT  MOORE,   C.    E. 


Nothing  more  distinguishes  the  city  of  to-day  from  the  city  of 
former  times  than  its  great  and  ever  growing  dependence  upon  engi- 
neering works.  The  cobble  stone  pavement  of  the  ancient  town  is 
replaced  by  granite  and  concrete,  and  the  iron  tramway.  Underneath 
the  surface  is  now  found  an  intricate  network  of  water  pipes,  gas  pipes, 
electric  conduits  and  sewers,  upon  whose  right  working  depends  the 
city's  life  and  health;  whilst  its  commerce  is  dependent  upon  harbors 
and  bridges,  telegraphs  and  railways  which  it  has  been  the  work  of  a 
generation  of  engineers  to  construct.  Modern  city  government  is  in 
large  measure  a  matter  of  municipal  engineering,  and  that  city  is 
governed  best  in  which  this  work  is  carried  on  with  the  greatest  skirl 
and  success. 

As  a  contribution  to  the  study  of  this  most  important  branch  of 
city  government,  a  statement  of  the  somewhat  exceptional  experience 
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of  the  chief  city  of  the  Mississippi  Valley  in  this  line  of  work  is  worthy 
of  record. 

In  the  year  1875  the  State  of  Missouri  adopted  a  new  constitution, 
in  which  was  engrafted  a  provision  authorizing  the  City  of  St.  Louis 
to  enlarge  it  boundaries,  abolish  the  dual  and  often  conflicting  govern- 
ment of  city  and  county,  and  conduct  its  local  affairs  in  accordance 
with  a  charter  to  be  framed  by  its  own  citizens. 

In  pursuance  of  this  provision  there  assembled,  in  the  spring  of  the 
following  year,  a  board  of  thirteen  freeholders  chosen  by  the  people, 
charged  with  the  duty  of  framing  a  new  city  charter.  The  board  con- 
tained a  number  of  able  and  public  spirited  men,  skilled  in  city  affairs, 
and,  as  a  whole,  was  exceptionally  well  fitted  for  its  work.  At  the 
end  of  the  ninety  days,  to  which  by  law  their  deliberations  were  limi- 
ted, they  submitted  for  approval  by  popular  vote,  a  charter  which  was, 
in  many  of  its  features,  a  new  departure,  particularly  in  the  machin- 
ery provided  for  the  conduct  of  the  city  public  works. 

The  charter  thus  framed  was  ratified  by  the  people;  and  on  October 
22,  1876,  became  the  organic  law  of  the  city. 

In  order  to  make  clear  the  changes  in  the  machinery  and  methods 
of  municipal  engineering  effected  by  this  new  law,  it  is  necessary  to 
explain  how  this  work  was  done  prior  to  this  time. 

The  charter  of  1870  and  the  ordinances  in  force  in  1876,  created  a 
department  of  the  city  government,  styled  "The  Engineer  Department," 
in  charge  of  an  officer  called  the  City  Engineer.  This  officer  was  ap- 
pointed by  the  Mayor,  subject  to  approval  of  the  City  Council,  for  a 
term  of  two  years,  the  same  time  as  that  of  the  Mayor,  and  at  the  same 
salary,  §4,000  per  year.  Like  other  appointed  officers  he  was  subject  to 
removal  or  suspension  by  the  Mayor,  with  no  restriction  except  that 
he  must  report  the  facts  of  the  case  to  the  City  Council  at  its  next 
meeting.  The  City  Engineer  was,  by  the  charter,  required  to  be  "a 
thorough  practical  and  experienced  civil  engineer,"  and,  with  the  aid 
of  such  assistants,  clerks  and  agents  as  should  be  required,  was  to 
have  charge  of  "all  city  improvements,  works,  repairs  and  buildings, 
and  the  performance  of  all  contracts  for  the  same."  He  was  also  re- 
quired to  let  all  contracts  for  public  work,  such  lettings  to  be  duly 
advertised  and  the  work  awarded  "to  the  lowest  and  best  bidder."  The 
Council  was  expressly  forbidden  to  let  any  public  work,  or  to  fix  the 
price  or  rate  therefor. 

The  engineer  was  also  authorized,  with  the  approbation  of  the 
Mayor,  to  employ  his  own  subordinates,  and,  subject  to  the  same  ap- 
proval, to  dismiss  them  whenever,  in  his  opinion,  the  interests  of  the 
city  would  be  subserved  thereby,  and  to  employ  other  persons  in  their 
stead. 

The  ample  jurisdiction  thus  granted  to  the  City  Engineer  over  "All 
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city  improvements,  works,  repairs  and  buildings,  and  the  performance 
of  all  contracts  for  the  same"  was,  however,  subject  to  several  import- 
ant qualifications. 

First  of  all,  he  had  nothing  whatever  to  do  with  the  city  water 
works,  the  entire  control  of  which  in  all  its  departments  was,  by 
special  statute  (March  13,  1867,)  vested  in  a  Board  of  Water  Commis- 
sioners, composed  of  three  men  appointed  originally  by  the  Legisla- 
ture, and  subsequently  by  the  Mayor.  This  Board  employed  its  own 
chief  and  assistant  engineers,  who  were  wholly  independent  of  the  city 
engineer. 

In  the  second  place,  in  the  department  of  sewers  he  had  only  a  limi- 
ted and  subordinate  jurisdiction.  By  an  ordinance  dating-  back  to  1859 
(Ord.  4535,  Nov.  25,  1859.)  this  department  was  placed  in  charge  of  a 
committee  of  the  City  Council  styled  "The  Sewer  Committee,'' of 
which  the  City  Engineer  was  the  chief  executive  officer,  but  not  a 
member.  This  Committee  fixed  the  boundaries  of  sewer  districts,  de- 
cided upon  plans,  directed  the  letting  of  work,  granted  permits  for 
sewer  connections,  passed  upon  the  employment  and  discharge  of  all 
men  employed  in  the  department,  and  certified  all  bills  involving  the 
expenditure  of  money.  The  City  Engineer  attended  all  meetings  and 
kept  the  journal  of  the  committee.  He  made  estimates  of  work  done, 
and  upon  the  completion  of  district  sewers,  certified  the  special  tax 
bills  upon  the  property  drained.  He  made  plans  for  the  committee; 
but,  in  the  final  decision  upon  them  was  without  a  vote.  In  all  work 
of  this  class  he  had  no  power  except  to  carry  out  the  instructions  of 
the  Sewer  Committee. 

In  the  protection  and  improvement  of  the  harbor,  and  in  the  con- 
struction, repair  and  cleaning  of  streets,  his  powers  were  more  am- 
ple,  and  these   were,  in  consequence,  the  chief  fields  of  his  activity. 

The  changes  in  the  organization  of  the  city  government  made  by 
the  charter  of  1876  were  numerous,  and  some  of  them,  quite  radical. 
The  number  of  wards. was  increased  from  twelve  to  twenty-eight,  and 
the  city  legislature,  or  "Municipal  Assembly"  enlarged  from  one  to 
two  houses,  called  respectively  the  Council  and  House  of  Delegates. 
The  Council  was  composed  of  thirteen  members,  elected  for  four  years 
on  general  ticket;  the  House  of  Delegates,  of  twenty-eight  members, 
one  from  each  ward,  elected  for  two  years.  The  powers  and  duties  of 
the  Mayor  were  left  substantially  unchanged,  but  his  term  of  office, 
with  that  of  all  other  elective  or  appointive  offices,  was  increased  to 
four  years.  The  term  of  all  elective  officers  was  made  coincident  with 
that  of  the  Mayor,  but  the  term  of  all  appointive  officers  was  made  to 
extend  from  the  middle  of  one  Mayor's  term  to  the  middle  of  his  suc- 
cessor's term;  so  that  normally,  no  appointments  were  to  be  made  by 
any  Mayor  until  the  beginning  of  his  third  year  in  office. 
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Most  sweeping  of  all,  however,  were  the  changes  in  the  organiza- 
tion of  the  municipal  public  works.  By  the  new  charter  the  offices  of 
the  City  Engineer,  the  Sewer  Committee  and  the  Board  of  "Water  Com- 
missioners, are  abolished,  and  in  their  stead  is  established  a  wholly 
new  body,  styled  "The  Board  of  Public  Improvements,  to  the  members 
of  which,  acting  in  part  jointly,  and  in  part  singly,  is  committed  the 
management  and  execution  of  all  the  city  works. 

This  body  is  composed  of  a  president,  elected  by  the  people,  and  five 
commissioners,  appointed  by  the  mayor  with  the  approval  of  the 
Council.  These  commissioners  are  styled,  respectively,  the  Street 
Commissioner,  the  Water  Commissioner,  the  Sewer  Commissioner,  the 
Harbor  Commissioner  and  the  Park  Commissioner.  In  case  the  city 
should  acquire  the  city  gas  works,  a  further  member  of  the  board, 
entitled  the  Gas  Commissioner,  is  provided  for. 

As  individuals,  each  of  these  five  commissioners  is,  by  the  charter 
and  ordinances  in  pursuance  thereof,  made  the  executive  head  of  the 
department  indicated  by  his  official  title;  and  as  such  is  charged  with 
the  execution  of  all  contracts,  and  the  enforcement  of  all  ordinances- 
relating  to  his  department,  and  is  responsible  for  all  the  acts  of  his 
subordinates.  As  part  of  this  responsibility,  all  of  his  subordinates  are 
appointed  by  the  commissioner,  part  of  them  subject  to  the  approval 
of  the  Mayor,  and  part  subject  to  the  approval  of  the  President  of  the 
Board  of  Public  Improvements,  and  all  of  them  are  removable  by  him 
at  his  pleasure.  Each  commissioner  may  himself  be  removed  by  the 
Mayor  or  by  the  Council  for  cause;  but  if  removed  by  the  Mayor,  the 
Council  appoints  his  successor;  if  removed  by  the1  Council  his  succes- 
sor is  appointed  by  the  Mayor  without  concurrence  of  the  Council. 

The  President  of  the  Board  in  his  individual  capacity  is  head  of  the 
Special  Tax  Department,  and  as  such  must  make  out  and  sign  all  bills 
of  special  assessment  for  street  and  sewer  construction,  and  for  street 
sprinkling.  The  department  of  public  bnildings,  though  in  immediate 
charge  of  a  Commissioner  of  Public  Building's,  is  also  under  the  super- 
vision and  control  of  the  President  of  the  Board.  He  is  also  charged 
with  a  general  supervision  over  the  departments  of  the  other  members 
of  the  Board,  and  it  is  made  his  duty  to  inform  the  Mayor  and  Muni- 
cipal Assembly  of  any  dereliction  of  duty  of  any  commissioner. 

To  the  Board  of  Public  Improvements,  acting  as  an  organized  body, 
is  committed: 

First,  The  letting  of  all  contracts  for  public  work,  and  prepara- 
tion of  specifications  and  forms  of  contract  therefor.  A  carefully 
drawn  ordinance,  prepared  by  the  Board,  prescribes  the  rules  to  be 
observed  in  all  lettings.  The  award,  if  any,  must  always  be  made  to 
the  lowest  bidder,  and  the  contract,  when  executed,  is  subject  to  ap- 
proval of  the  Council. 
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Second.  The  preparation  and  recommendation  to  the  Assembly,  of 
ordinances  for  the  following  classes  of  public  work: 

1.  For  the  opening,  widening,  construction,  reconstruction,  repairs, 
and  sprinkling  of  streets,  and  the  making  of  ail  excavations  therein. 

2.  For  the  establishment  of  sewer  districts,  and  for  the  construc- 
tion, repair  and  cleaning  of  all  public  and  district  sewers,  and  the  mak- 
ing of  all  sewer  connections. 

3.  For  the  laying  of  water  pipes,  and  the  making  of  all  attach- 
ments thereto,  as  well  as  the  extension,  construction  and  repairs  of 
the  water  works. 

4.  For  the  improvement,  protection,  repairing  and  cleaning-  of  the 
levees,  wharf  and  harbor. 

5.  For  the  improvement  and  maintenance  of  the  public  parks,  and 

6.  For  the  erection,  extension  and  repairs  of  public  buildings. 

In  this  matter  of  the  preparation  of  ordinances  for  public  work,  the 
Board  is  in  effect  a  third  branch  of  the  city  legislature.  With  regard  to 
street  and  sewer  work,  the  charter  in  fact  provides  that  no  ordinances 
shall  be  valid  unless  first  approved  by  the  Board  of  Public  Improve- 
ments. 

As  a  preliminary  to  the  preparation  of  ordinances  for  street  con- 
struction or  reconstruction,  the  Board  is  required  to  give  two  weeks 
public  notice  of  its  intention  to  consider  the  matter,  at  which  meeting 
all  parties  interested  may  appear  and  be  heard  in  regard  to  it.  If  the 
owners  of  a  major  part  of  the  property  on  the  line  of  the  proposed  im- 
provement shall  remonstrate  against  the  same,  no  ordinance  therefor 
can  be  forwarded  by  the  Board  except  by  the  concurring  vote  of  all  its 
members;  otherwise  a  majority  vote  only  is  required. 

Third.  A  further  duty  of  the  Board  is  the  direction  and  manage- 
ment of  the  lighting  of  streets,  alleys  and  public  buildings,  which  is  now 
done  wholly  by  electricity.  The  superintendent  of  the  city  lighting  is 
an  appointee  of  the  Board,  and  subject  to  its  orders. 

Fourth.  To  the  Board  is  also  committed  the  management  and  con- 
trol of  the  city  work-house,  the  superintendent  of  which,  though  ap- 
pointed by  the  Mayor,  is  subject  to  the  orders  and  instructions  of  the 
Board. 

The  Board  is  required  to  meet  at  least  once  in  each  week,  and  to 
keep  a  record  of  all  its  proceedings,  acts  and  orders,  an  abstract  of 
which  must  be  published  in  the  newspapers  doing-  the  city  printing. 

Owing  to  delays  of  various  kinds,  the  machinery  thus  outlined  did 
not  get  into  working  order  until  the  summer  of  1877,  when  the  organi- 
zation of  the  new  board  was  completed  under  the  presidency  of  Col. 
Henry  Flad,  Past  President  Am.  Soc.  Civil  Engineers.  With  the  single 
exception  of  the  Water  Commissioner,  the  late  Thos.  J.  Whitman, 
who  had  been  the  Chief  Engineer  of  the  Board  of  Water  Commissioners, 
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the  new  commissioners,  of  whom  the  writer  was  one,  were  without 
previous  experience  in  the  special  departments  over  which  they  were 
called  to  preside.  But  all  were  animated  by  a  common  desire  to  so 
organize  and  conduct  the  work  committed  to  their  charge  as  to  secure 
the  best  possible  results,  and  establish  the  new  regime*  in  the  confi- 
dence of  the  people. 

That  they  were  successful  is,  so  far  as  the  writer  is  aware,  the 
unanimous  verdict.  The  public  works  of  the  city  have  been  managed 
with  economy  and  skill,  and  without  the  slighest  suspicion  of  jobbery. 
City  work  is,  in  fact,  as  well  and  as  honestly  done  as  that  of  any  priv- 
ate individual  or  corporation;  so  that,  in  cases  where  an  option  is  given 
to  the  property  owner  to  do  work,  such  as  sidewalk  or  alley  pav- 
ing, himself,  or  to  have  it  done  by  the  city  at  his  expense,  it  is  found 
to  be  uniformly  cheaper  and  better  to  have  it  done  by  the  city.* 

The  full  control  and  responsibility  given  by  the  new  system  to  each 
commissioner  over  his  own  department,  has  naturally  placed  integrity 
and  fitness  at  a  premium  in  the  appointment  of  subordinates  to  the 
disregard  of  political  and  other  irrelevant  considerations.  Each  has 
been  free  to  organize  and  manage  his  force  with  an  eye  single  to  ob- 
taining the  best  work,  both  in  quantity  and  quality,  and  where  this  is 
done  success  is  easy  and  certain.' 

Another  thing  which  has  contributed  much  to  the  efficiency  of  the 
various  departments  has  been  the  opportunity  of  the  commissioners  to 
refer  doubtful  points  of  policy  to  the  full  Board  for  advice  and  counsel. 
Backed  by  the  prior  endorsement  of  the  Board  they  are  thus  enabled  to 
take  with  safety  responsibilities  which  they  could  not  otherwise  do 
without  great  danger  of  misconstruction,  and  consequent  loss  of  pub- 
lic confidence.  For  a  public  officer  must  not  only  do  right,  but  must 
also  be  thought  to  do  so  by  the  community  whom  he  serves.  In  mat- 
ters of  doubt  the  confidence  of  the  public  is  more  easily  retained  by  a 
Board  than  by  any  single  man;  just  as  a  full  bench  of  judges  is  stronger 
as  against  calumny  than  any  single  judge,  however  pure  his  motives, 
can  ever  be.  There  has  thus  resulted  for  the  various  commis- 
sioners a  great  gain  in  the  confidence  of  the  public,  with  a  correspond- 
ing gain  in  the  efficiency  of  the  several  departments. 

*An  example  of  this  came  within  the  writer's  own  experience  a  few 
months  ago,  when,  in  the  construction  of  an  elevated  railroad,  it  became 
necessary  to  move  quite  a  length  of  water  and  gas  pipes.  In  the  one  case 
the  city  water  department,  and  in  the  other  the  gas  company,  was  called 
upon  to  do  the  work  at  the  expense  of  the  railroad  company.  The  result 
was,  that  the  work  of  the  gas  company  was  done  at  an  excessive  cost,  due 
to  discipline  and  methods  so  lax  that  the  railroad  company  was  charged 
with  time  during  which  the  workmen  were  employed  digging  up  old  lead 
water  pipes  and  carrying  them  to  a  junk  shop  for  sale.  The  city  work, 
on  the  other  hand,  was  done  promptly  and  well,  and  at  a  cost  much  less 
than  if  it  had  been  done  by  the  railroad  company  itself. 
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As  regards  the  matters  committed  to  the  Board  as  a  whole,  it  may- 
be noted,  first  of  all,  that  under  the  new  system,  the  letting  of  con- 
tracts for  public  work  is  conducted  in  a  manner  that  leaves  nothing  to 
be  desired.  Every  precaution  is  taken  to  put  all  bidders  upon  an 
equal  footing.  The  character  and  quantities  of  the  work  are  ascer- 
tained with  the  utmost  care,  and  given  in  advance  to  all  persons  inter- 
ested. All  bids  must  be  made  upon  blanks  furnished  by  the  Board, 
and  no  bid  is  accepted  unless  accompanied  by  a  certificate  of  the  City 
Treasurer  that  earnest  money,  amounting  in  some  cases  to  ten  per  cent, 
of  the  estimated  value  of  the  work,  has  been  deposited  with  him.  At 
the  hour  appointed  the  bids  are  all  opened  and  read  in  a  public  meeting 
of  the  Board.  After  a  due  time  in  which  to  canvas  the  several  bids, 
the  award,  if  any,  is  made  to  the  lowest  bidder,  not  the  lowest  and  best 
bidder  as  under  the  former  charter;  but  the  Board  may,  if  it  sees  fit, 
reject  all  bids  and  order  a  new  letting. 

As  heretofore  carried  out,  this  system  of  letting  public  work  has 
given  universal  satisfaction,  without  even  the  slightest  suspicion  of 
favoritism  or  jobbery.  That  is  to  say,  one  of  the  most  fruitful  sourc- 
es of  municipal  misrule  has  been  completely  removed. 

In  its  legislative  functions,  the  success  of  the  Board  of  Public  Im- 
provements has  been  equally  pronounced.  The  ordinances  for  public 
work  recommended  by  them  have  been  prepared  with  great  care,  so 
that  when  sent  to  the  Municipal  Assembly,  they  have  embodied  the 
results  of  the  best  skill  and  judgment  of  every  member  of  the  Board. 
Where  ordinances  originating  with  the  Board  have  been  rejected  by 
the  Assembly,  it  has  never  been  because  of  any  defect  of  form  or  meth- 
od, but  because  of  their  unwillingness  to  do  by  any  method  the  thing 
proposed.  There  can  be  no  doubt  that  the  provision  requiring  the 
Assembly  to  pa,ss  or  reject  without  amending  bills  originating  with  the 
Board  has  insured  the  city  against  technical  blunders  which  would 
otherwise  certainly  have  been  made,  and  is  eminently  wise. 

The  wisdom  of  the  framers  of  the  St.  Louis  charter  of  1876  has 
therefore,  been  fully  vindicated  by  the  test  of  time,  and  the  general 
plan  of  conducting  municipal  engineering  work  proposed  by  them  is 
one  which  can  be  recommended  without  reserve  to  any  large  city. 

The  central  ideas  of  this  plan  are ; 

1.  The  subdivision  of  the  engineering  work  of  the  municipality 
into  several  departments  under  the  executive  control  of  one  man,  who 
should  be  a  man  of  strong  character  and  mature  judgment,  and  an 
expert  in  the  special  work  under  his  charge. 

2.  The  creation  of  a  Municipal  Engineering  Council  or  Board  of 
Experts,  composed  of  the  heads  of  the  several  engineering  departments, 
co-ordinated  under  the  presidency  of  an  engineer  of  high  rank,  to  which 
Board  all  questions  concerning  the  administration  of  the  city   works 
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may  be  referred,  and  to  whose  special  charge  should  be  committed  the 
letting  of  all  contracts  for  public  work,  and  the  initiating  of  all  legis- 
lation concerning-  the  same. 

The  particular  method  adopted  in  carrying  out  this  general  plan 
should  be  suited  to  the  local  requirements  of  each  city.  The  one 
adopted'in  St.  Louis  does  not  seem  to  be  quite  the  best,  even  for  that 
city.  It  would  be  better,  in  the  writer's  judgment,  to  leave  out  from  the 
Board  the  Park  Commissioner  and  Harbor  Commissioner,  a  very  small 
part  only  of  whose  work  is  of  an  engineering  character,  and  in  their 
places  put  the  Commissioner  of  Public  Buildings,  or  City  Architect, 
and  the  Commissioner  of  City  Lighting,  under  whose  charge  should  be 
placed  the  supervision  in  the  public  interest  of  all  electric  installations. 

Of  course  it  goes  without  saying-  that  neither  this  system  nor  any 
other  will  give  satisfactory  results  if  committed  to  the  hands  of  in- 
competent or  corrupt  men;  although  it  will  do  much,  even  then,  to 
limit  the  harm  done  which  can  be  done  by  any  one  man.  But,  if  car- 
ried out  in  good  faith,  by  the  selection  of  capable  and  honest  men  as 
members  of  the  Board,  this  method  of  conducting  municipal  engineer- 
ing- work  has  several  important  advantages  over  the  older  method 
which  in  St.  Louis  it  has  superseded. 

1 .  It  avoids  the  absurdity  of  expecting  any  one  man  to  be  master 
of  all  the  branches  of  engineering  involved  in  the  public  works  of  the 
modern  city,  by  sub-dividing  the  work  to  such  an  extent  as  to  make  it 
possible  for  the  several  commissioners  to  give  the  problems  of  their 
own  special  work  the  concentrated  attention  and  study  necessary  for 
their  complete  solution. 

2.  By  centering  in  one  man  the  executive  control  of  each  depart- 
ment, the  highest  degree  of  responsibility  and  efficiency  is  promoted. 

3.  By  delegating  to  the  Board  composed  of  the  heads  of  several 
departments  of  public  work,  the  preparation  of  all  ordinances  for  such 
work,  tiie  city  secures  the  great  advantage  of  the  matured  judgment 
of  a  permanent  and  responsible  body  of  experts. 

4.  The  opportunity  to  present  all  matters  of  an  unusual  or  doubtful 
nature  to  the  full  Board  for  record  and  for  advice,  is  a  most  valuable 
resource  and  protection  to  the  individual  commissioner. 

5.  The  placing  of  all  lettings  of  public  work  in  the  hands  of  the 
Board  not  only  relieves  the  individual  commissioners  of  work  in  which 
the  liability  to  charges  of  favoritism  and  malfeasance  are  the  greatest 
but  insures  the  utmost  publicity  and  fairness  in  the  awarding  of  con- 
tracts, thus  securing  to  the  city  the  full  benefits  of  open  and  honor- 
able competition  and  the  services  of  the  best  class  of  contractors. 

In  a  word  the  system  is  one  under  which  both  the  officer  and  the 
city  are  protected  to  the  equal  advantage  of  both,  and  is  the  best  for 
a  large  city  that  has  yet  been  proposed. 
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Communication  in  Relation  to  the  St.  Louis  Charter. 


BY  COL.  HENRY  PLAD,  LATE  PRESIDENT  OF  THE  BOARD  OF  PUBLIC  IMPROVE- 
MENTS OF  ST  LOUIS.* 

The  system  of  carrying  on  public  works  which  has  been  in  operation 
in  St  Louis  since  1876,  has  given  general  satisfaction.  The  provisions 
of  the  Charter  have  been  fully  stated  and  explained  by  Mr.  Robert 
Moore  in  the  valuable  paper  lately  read  before  your  Society.  Those 
provisions  which  I  consider  of  the  g'reatest  importance  and  value  are: 

1st.  The  appointment,  by  the  Mayor,  of  Commissioners,  each  as  the 
head  of  a  department  in  charge  of  one  or  more  branches  of  Public 
Work  and  each  Commissioner  to  be  responsible  for  the  arrangement  of 
his  department. 

2nd.  The  creation  of  a  board  composed  of  these  Commissioners  with 
a  president  elected  by  the  people. 

3rd.  .  The  provision  that  all  ordinances  for  Public  Work  must  be 
prepared  and  recommended  by  such  board,  vesting  in  the  Municipal 
Assembly  the  power  to  adopt  or  reject  ordinances  recommended  by 
the  board,  but  not  to  amend  such  ordinances  and  prohibiting  it  from 
directly  entering  into  contract  for  any  Public  Work. 

4th.  The  provision  giving  to  each  commissioner  the  right  to 
appoint  and  discharge  all  subordinates  in  his  department. 

The  changes  which  I  would  suggest  in  the  St.  Louis  Charter  are: 

1st.  That  the  law  should  provide  that  the  president  must  be  a 
Civil  Engineer  and  that  every  Commissioner  must  be  an  expei't  in  the 
special  branch  of  Public  Work  allotted  to  his  department  and  that  the 
selection  of  Commissioners  should  not  be  limited  by  any  condition  in 
regard  to  length  of  residence  in  the  citj*. 

2nd.  That  the  appointment  of  subordinates  should  not  be  made 
subject  to  the  approval  of  the  Mayor. 

3rd.  That  clerks  and  inspectors  appointed  by  Commissioners 
should  be  selected  from  among  persons  who  have  successfully  passed  an 
examination,  under  such  rules  and  regulations  as  may  be  adopted  by 
the  board.  *■ 

4th.  That  the  law  should  prohibit  the  Municipal  Assembly  from 
granting  relief  to  contractors  or  from  releasing  them  from  any  fines  or 
penalties  incurred  under  contracts,  except  on  the  unanimous 
recommendation  of  the  board. 

5th.  That  the  water  works  and  sewers  be  placed  in  charge  of 
the  same  Commissioner;  that  parks  and  harbor  be  placed  in  charge  of 
the  Street  Commissioner;  that  the  construction  and  repair  of  all  public 

*  The  general  discussion  of  Mr.  Moore's  paper  which  took  place  at  the 
time  it  was  read,  will  bs  found  on  page  156,  et:  seq. 
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buildings  be  entrusted  to  a  Commissioner,  which  position  should 
be  filled  b}r  an  architect  and  that  a  department  of  lighting  and  heating 
should  be  created  and  placed  in  charge  of  an  electrical  engineer. 

Local  conditions  in  other  cities  might  of  course  require  a  different 
arrangement  of  departments. 


GOVERNMENT    OF    BOSTON. 


BY  WILLIAM  JACKSON,   CITY  ENGINEER. 


ORGANIZATION. 

Mayor: — The  Mayor  is  the  chief  executive  officer  of  the  city  and  ex- 
ercises through  the  several  officers  and  Boai'ds  of  the  city,  the  execu- 
tive powers  of  the  city  and  all  the  executive  powers  now  or  hereafter 
vested  in  the  Board  of  Aldermen  as  Surveyors  of  Highways,  County 
Commissioners  or  otherwise.  The  charter  provides  that  neither  the 
City  Council,  nor  either  branch  thereof  or  any  committee  thereof 
shall  directly  or  indirectly  take  part  in  the  employment  of  labor,  the 
making  of  contracts  or  in  the  care  of  public  property. 

City  Council:— A  Board  of  twelve  Aldermen  and  of  seventy-five 
Common  Councilmen  constitute  a  City  Council,  they  are  elected  year- 
ly and  sit  and  act  as  separate  bodies  except  when  they  meet  in  conven- 
tion. The  Board  of  Aldermen  are  also  County  Commissioners  of 
Suffolk  County  and  Surveyors  of  Highways.  The  City  Council  makes 
appropriations,  levies  taxes,  authorizes  loans  and  may  make  such  by- 
laws aud  ordinances  as  towns  have  power  to  make;  and  may  by  ordi- 
nance provide  for  the  appointment  and  salary  of  the  necessary  officers 
excepting  those  prescribed  by  statute. 

School  Committee: — A  School  Committee  is  elected  by  the  people;  it 

*The  short  papers  which  follow,  giving  brief  outlines  of  the  municipal 
government  of  the  cities  of  Boston,  New  York,  Providence,  Buffalo,  Phila- 
delphia, and  Paris,  France,  were  prepared  at  the  request  of  the  President 
of  the  Society.  It  was  suggested  that  for  the  purpose  of  comparison,  the 
following  points  should  be  brought  out:  — 

1.  A  very  brief  outline  of  the  organization  of  the  city  government  as 
a  whole. 

2.  A  somewhat  more  complete  statement  of  the  organization  so  far  as 
it  relates  to  public  work. 

3.  The  method  of  appointment  and  removal. 

4.  If  appointees  are  required  by  law  to  have  any  professional  qualifi- 
cations please  state  them. 

5.  Tenure  of  office. 

6.  The  method  of  ordering  public  work  done  and  of  raising  money  for 
the  same. 
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consists  of  twenty-four  persons,  eight  chosen  each  year,  they  have 
entire  charge  of  the  schools. 

Finances: — The  finances  of  the  city  are  cared  for  by  a  City  Treas- 
urer, a  City  Collector,  an  Auditor  and  a  Board  of  Sinking  Fund  Com- 
missioners, consisting  of  six  members.  Taxes  are  assessed  by  a  Board 
of  nine  principal  Assessors,  assisted  by  thirty-seven  first  assistants 
and  thirty-seven  second  assistants. 

Institutions: — A  Board  of  Overseersof  the  Poor,  consisting  of  twelve 
persons  has  charge  of  what  is  known  as  the  "out  door  relief"  of  the 
poor  and  also  of  bequests  and  of  property  held  for  the  benefit  of  the 
poor  of  the  city  and  of  the  expenditure  of  the  income  from  the  same. 
A  Board  of  Commissioners  of  Public  Institutions  consisting  of  three 
persons,  has  charge  of  the  House'of  Correction,  the  House  of  Industry, 
the  House  of  Reformation,  the  City  Lunatic  Hospitals,  the  City  Homes 
for  poor  and  City  Homes  for  neglected  children. 

Health: — A  Board  of  Health,  consisting  of  three  persons,  exercise 
all  the  power  of  the  City  Council  and  of  the  Board  of  Aldermen  rela- 
tive to  the  public  health,  they  also  have  charge  of  the  City  Cemeter- 
ies, except  Mount  Hope  Cemetery,  which  is  in  the  charge  of  a  Board 
of  Trustees.  There  is,  independent  of  the  Board  of  Health,  an  Inspec- 
tor of  milk,  and  vinegar;  and  an  Inspector  of  provisions.  The  City 
Hospital  is  in  charge  of  a  Board  of  five  Trustees.  A  City  Registrar 
keeps  the  records  of  births,  deaths  and  marriages  and  issues  certificates 
of  all  intentions  of  marriage. 

Police: — The  Police  Department  is  in  charge  of  a  Board  of  three 
Commissioners  appointed  by  the  Governor  of  the  State. 

Fire: — A  Board  of  three  Fire  Commissioners  has  charge  of  the  Fire 
Department,  the  Are  alarm  and  the  supervision  of  all  wires  over  streets 
or  buildings  and  of  every  wire  within  a  building  designed  to  carry  the 
electric  light  or  power  current.  They  also  have  the  supervision  over 
business  which  is  liable  to  cause  fire.  A  Fire  Marshall  is  appointed  by 
the  Governor. 

Buildings: — An  Inspector  of  Buildings  has  supervision  over  the  con- 
struction of  all  buildiogs,  to  see  that  they  are  built  in  accordance  with 
the  law,  he  also  keeps  a  register  of  plumbers  and  issues  permits  for 
doing  plumbing.  The  City  Architect,  unless  otherwise  specially 
ordered,  makes  all  contracts  for,  and  has  the  charge  of  the  construc- 
tion of,  all  public  buildings  built  by  the  city.  The  Superintendent  of 
Public  Buildings  except  as  otherwise  provided,  has  charge  of  all  repairs 
and  of  the  care  and  maintenance  of  the  public  buildings  and  of  build- 
ings hired  by  the  city,  he  also  provides  all  furniture  for  the  different 
departments  and  has  charge  of  all  city  property  in  the  armories  pro- 
vided by  the  city  for  the  militia. 

Streets:— The  Superintendent  of  Streets  has  charge  of  the  construe- 
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tion  and  maintenance  of  streets  and  sewers,  of  the  maintenance  of 
bridges,  of  the  cleaning  of  the  streets  and  of  the  removal  of  ashes,  gar- 
bage, etc.  He  makes  all  contracts  and  employs  all  necessary  labor. 
He  appoints  all  draw  tenders  for  the  draws  in  bridges  under  his  care. 
He  keeps  a  plan  and  record  of  the  construction  of  each  sewer  and  of 
all  sewer  assessments  levied.  No  person  or  other  city  department  can 
open  the  streets  for  any  purpose  without  a  permit  from  the  Superin- 
tendent of  Streets,  and  when  about  to  make  a  new  street  or  to  new 
surface  any  street,  due  notice  is  given  by  him  to  the  city  departments 
and  to  all  persons  authorized  to  place  any  structure  in  such  street,  and 
after  the  street  is  completed  no  permit  can  be  granted  for  the  term  of 
one  year  except  in  case  of  obvious  necessity.  Sewers  can  only  be  con- 
nected with,  by  permit  from  the  Superintendent  and  after  payment  of 
sewer  assessments.  All  permits  for  opening  the  streets  issued  by  the 
Superintendent  are  conditioned  for  proper  lighting,  protecting  and  for 
putting  the  streets  in  satisfactory  condition  and  for  maintaining  the 
surface  for  six  months.  The  Superintendent  of  Streets  also  issues  per- 
mits when  authorized  by  the  Board  of  Aldermen  for  using  portions  of 
the  street  for  coal-holes,  vaults,  etc. ,  also  for  occupying  portions  of 
the  street,  not  exceeding  fifteen  minutes,  for  raising  and  lowering  mer- 
chandise, also  for  moving  buildings,  also  for  laying,  maintaining  and 
using  wires,  railway  tracks,  pipes,  conduits  and  poles.  Except  from 
City  Departments,  a  bond  is  required  before  any  permit  may  be  deliv- 
ered and  no  permit  shall  be  given  to  any  person  within  a  year  after 
violating  the  conditions  of  his  permit.  The  principal  officers  of  1  he 
Superintendent  are,  a  Secretary  and  Executive  Engineer,  a  Purchasing 
Agent,  a  Deputy  Supt.  of  Paving  Div. ,  a  Deputy  Supt.  of  Sewer  Div., 
a  Deputy  Supt.  of  Bridges  Div.,  a  Deputy  Supt.  of  Sanitary  Div.,  and 
a  Deputy  Supt.  of  Street  Cleaning  Div. 

A  Board  of  Survey,  consisting  of  three  pei*sons  to  serve  three  years 
was  appointed  in  1891,  to  make  plans  showing-  the  locations  and  grades 
of  such  highways  as  in  their  opinion  are  necessary  for  ihe  present  or 
future  interests  of  the  city.  A  Board  of  Street  Commissioners,  con- 
sisting of  three  persons  has  power  to  lay  out,  widen  and  discontinue 
highways,  (subject  to  the  approval  of  the  City  Council  when  the  cost 
exceeds  $10,000;)  and  to  order  specific  repairs.  No  way  can  be  opened  to 
public  travel  until  approved  by  the  Commissioners;  they  may  also 
when  the  conditions  required  by  law  are  complied  with,  order  the  con- 
struction of  any  way  shown  on  the  Board  of  Survey  plans.  The  Board 
is  also  a  Board  of  Appeal  in  cases  of  over  assessment  of  taxes. 

Ferries: — A  Superintendent  of  Ferries  has  charge  of  the  mainten- 
ance and  running  of  the  East  Boston  Ferries. 

Lamps: — A  Superintendent  of  Lamps  has  charge  of  lighting  the 
streets  and  of  making  contracts  for  same. 
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Cambridge  Bridges: — A  commission  composed  of  two  persons,  one 
each  appointed  by  the  cities  of  Boston  and  Cambridge,  has  charge  of 
Harvard,  West  Boston,  Craigie  and  Prison  Point  Bridges. 

Water  Works: — A  Water  Board  consisting  of  three  persons  has  the 
care,  control  and  maintenance  of  all  waters,  reservoirs,  aqueducts, 
pumping  stations  and  other  property  held  by  the  city  for  supplying 
water  to  its  inhabitants,  also  the  charge  of  the,  construction,  purchas- 
ing and  maintenance  of  all  pipes,  conduits  and  other  appliances  for 
obtaining  and  supplying  water;  and  furnish  and  repair  meters  and 
keep  a  record  of  each  meter,  and  also  from  time  to  time  determine  the 
tariffs  for  the  use  of  water.  The  works  are  divided  into  three  divisions 
viz:  The  Eastern  and  the  Western  Divisions  of  the  Sudbury  and  Cochitu- 
ate  Water  Works,  and  the  Mystic  Division,  each  division  being  in  charge 
of  a  Superintendent.  A  Purchasing  Agent  purchases  the  supplies  re- 
quired for  the  different  divisions.  A  Water  Registrar  assesses  the  rates 
and  makes  contracts  for  furnishing  water  according  to  the  tariffs  es- 
tablished by  the  Water  Board,  he  receives  and  transmits  to  the 
Water  Board  applications  for  pipes  for  supplying  water  to  the 
premises  of  takers,  and  at  least  once  a  year,  causes  the  premises 
of  all  water  takers  to  be  examined,  he  also  has  charge  of  the  shutting 
off  and  turning-  on  of  water  from  the  premises  of  takers.  The  water 
works  are  self-sustaining. 

Parks: — A  Park  Commission  consisting  of  three  persons  has  the 
charge  of  the  construction,  improvement,  government  and  regulation 
of  the  various  parks  included  in  the  system  of  Public  Parks.  They 
make  by-laws  and  ordinances  for  the  government  of  the  parks,  fix  pen- 
alties not  to  exceed  twenty  dollars,  and  appoint  Park  Police. 

Public  Grounds: — A  Superintendent  of  Public  Grounds,  has  charge 
of  the  Common,  the  Public  Garden  and  of  the  Public  Squares.. 

Engineering: — A  City  Engineer  has  charge  of  all  engineering  work 
for  the  different  departments,  (excepting  the  sewer  division  of  the 
Street  Department,)  and  of  the  construction  of  all  Public  Works  of  the 
City  which  properly  comes  under  the  direction  of  a  civil  engineer, 
unless  otherwise  specially  provided. 

Surveying  -.r— A.  City  Surveyor  has  charge  of  the  making  of  such  sur- 
veys and  levels  as  may  be  required  by  the  different  departments  ex- 
cepting the  sewer  division  of  the  Street  Department,  and  the  custody 
of  all  surveys  and  plans  relating-  to  the  laying  out,  widening,  extend- 
ing and  grading  of  streets. 

Printing: — A  Superintendent  of  Printing's  has  charge  of  all  the  city 
printing  and  furnishes  stationery  to  the  departments. 

Laiv; — The  law  department  is  under  the  joint  charge  of  a  Corpora- 
tion Counsel  and  a  City  Solicitor. 

Records: — A    Record   Commission    composed  of  two  persons  has 
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charge  of  the  collection  and  preservation  of  the  records  and  documents 
relating  to  the  city. 

Other  officers  are:  a  Board  of  Registrars  of  Voters,  consisting  of 
three  members;  an  Art  Commission;  a  Director  of  Workingnien's  Loan 
Association^  Director  of  Collateral  Loan  Co.;  two  Managers  Old 
South  Association;  Superintendent  of  Market;  Election  Officers;  Con- 
stables: Sealer  of  weights  and  measures;  Weighers  of  coal,  of  beef,  of 
boilers,  etc.,  and  of  fish;  Inspectors  of  lime,  of  petroleum,  and  of  hay 
and  straw;  Measurers  of  upper  leather,  of  grain,  of  wood  and  bark,  and 
of  vessels  and  ballast;  Culler  of  hoops  and  staves;  Surveyor  of  marble; 
Superintendent  of  hay  scales:  Fence  Viewers;  and  Field  Drivers. 

APPOINTMENT  AND  REMOVAL. 

The  Street  Commissioners  are  elected  by  the  people,  the  City 
Clerk,  City  Messenger  and  Clerk  of  Committees  are  elected  by  the 
City  Council,  the  Clerk  of  the  Common  Council  is  elected  by  the 
Common  Council;  all  other  heads  of  departments  and  other  public 
officers,  except  the  Police  Commissioners,  are  appointed  by  the 
Mayor  subject  to  confirmation  by  the  Board  of  Aldermen.  The 
Police  Commissioners  are  appointed  by  the  Governor  of  the  State, 
subject  to  confirmation  by  the  Governor's  Council.  AH  subordinates 
are  appointed  by  the  heads  of  the  different  departments,  subject  to 
the  approval  of  the  Mayor.  The  Mayor  may  remove  any  of  his  ap- 
pointees for  such  cause  as  he  may  assign  to  his  order  of  removal,  and 
heads  of  departments  may  remove  their  appointees  in  like  manner. 

QUALIFICATIONS. 

Appointees  are  not  required  by  law  to  have  any  professional 
qualification. 

TENURE  OF   OFFICE. 

Excepting  officers  whose  term  is  fixed  by  statute,  the  term  of  office 
of  every  person  who  is  a  trustee  or  member  of  a  board,  except  the 
Record  Commissioners  and  Trustees  of  Mount  Hope  Cemetery,  is  three 
years  from  the  first  day  of  May  in  the  year  of  appointment  and  until 
a  successor  is  elected  or  confirmed,  and  the  term  of  the  Record 
Commissioners,  of  Trustees  of  Mount  Hope  Cemetery  and  of  all  per- 
sons having  sole  charge  of  a  department  is  for  one  year  from  the 
first  day  of  May  in  the  year  of  appointment,  and  until  a  successor  is 
elected  or  confirmed.  All  officers  and  boards  in  charge  of  departments 
of  the  city,  appoint  their  respective  subordinates.  All  subordinates 
receiving  a  yearly  salary,  continue  in  office,  until  removed  by  the 
officer  or  board  under  whom  they  serve  for  such  causes  as  said  officers 
or  board  shall  deem  sufficient  and  shall  assign  in  the  order  for  re- 
moval; all  other  employes  may  be  discharged  at  pleasure.  Appoint- 
mentsare  subject  to  the  Civil  Service  Rules. 
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HOW  PUBLIC  WORKS  ARE  ORDERED  AND  MONEY  RAISED. 

Public  Works  are  authorized  by  the  City  Council  except  in  special 
cases,  when  the  Legislature  exercises  its  power.  In  theory  the  ordin- 
ary running  expenses  and  the  minor  public  works  of  the  city  are  paid 
from  the  tax  levy,  and  permanent  improvements  of  magnitude  are  paid 
for  by  loans;  the  city  being  authorized  to  incur  a  net  debt,  exclusive  of 
water  debt,  of  not  more  than  two  per  cent,  of  its  average  assessors'  val- 
uation for  the  previous  five  years,  and  the  Legislature  in  its  discretion 
authorizes  loans  outside  of  the  debt  limit.  The  tax  rate  is  limited  to 
not  exceed  $9  per  $1,000,  of  the  average  assessors'  valuation  for  the  pre- 
vious five  years,  exclusive  of  the  state  and  county  taxes  and  of  sums 
required  on  account  of  the  city  debt. 


GOVERNMENT  OF  THE  CITY  OF  NEW  YORK. 


BY  HON.   FRANCIS  M.    SCOTT,    AQUEDUCT  COMMISSIONER. 


The  government  of  the  City  of  New  York,  like  that  of  most  muni- 
cipalities may  be  roughly  divided  into  three  general  divisions:  the  Ex- 
ecutive, the  Financial  and  the  Legislative. 

The  Executive  functions  are  vested  in  the  Mayor  and  several  De- 
partments, which,  for  the  most  part,  are  directed  by  Boards  of  Com- 
missioners. 

The  Mayor  is  elected  at  a  general  election,  holds  office  for  two 
years,  and  is  removable  by  the  Governor,  upon  charges  and  after  a 
hearing.  The  President  of  the  Board  of  Aldermen,  also  elected  at  a 
general  election,  and  holding  office  for  two  years,  is  in  effect  the 
Vice-Mayor,  exercising  the  Mayoral  powers  in  case  of  a  vacancy  in 
the  office  of  Mayor,  or  in  the  absence  or  disability  of  that  official. 

The  Executive  Departments,  properly  so  called  are  the  Law  De- 
partment, the  Police  Department,  the  Department  of  Public  Works, 
the  Department  of  Public  Charities  and  Correction,  the  Fire  Depart- 
ment, the  Health  Department,  the  Department  of  Public  Parks,  the 
Department  of  Taxes  and  Assessments,  the  Department  of  Docks,  the 
Department  of  Street  Cleaning  and  the  Board  of  Excise. 

Of  these  Departments,  whose  respective  functions  are  indicated 
generally  by  their  titles,  the  Law  Department,  the  Department  of 
Public  Works  and  the  Department  of  Street  Cleaning  are  sing'le 
headed;  the  others  being  directed  by  Boards  composed  of  either  three 
or  four  Commissioners. 

The  heads  of  these  Departments  are  appointed  by  the  Mayor,  hold 
office  for  fixed  terms  of  three,  four  or  six  years,  and  (except  the  Com- 
missioner of  Street  Cleaning  and  the  Commissioners  of  Excise,)  are 
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removable  by  the  Mayor,  with  the  consent  and  approval  of  the  Gov- 
ernor of  the  State,  for  cause,  and  after  having  been  afforded  an  oppor- 
tunity to  be  heard. 

The  Commissioner  of  Street  Cleaning  is  removable  by  the  Mayor 
with  the  approval  of  the  Board  of  Health,  and  the  Commissioners  of 
Excise  are  removable  by  the  Governor. 

In  no  instance,  save  in  the  case  of  the  Commissioner  of  Street 
Cleaning,  is  the  consent,  approval  or  confirmation  of  any  person  or 
body,  necessary  to  an  appointment  by  the  Mayor.  In  the  excepted  in- 
stance the  consent  of  at  least  two  members  of  the  Board  of  Health  is 
required.  An  official  known  as  the  Commissioner  of  Street  Improve- 
ments of  the  23d  and  24th  Wards,  exercises  as  to  the  streets  and  other 
thoroughfares  in  that  part  of  the  City  lying  north  of  the  Harlem  River, 
all  the  powers  exercised  b}7  the  Commissioner  of  Public  Works  in  oth- 
er parts  of  the  City,  and  possesses  as  to  those  Wards  many  of  the 
powers  vested  in  the  Board  of  Aldermen*  as  to  the  remainder  of  the 
City.  He  is  elected  by  the  electors  of  the  Wards  in  which  he  exercis- 
es jurisdiction,  holds  office  for  six  years,  and  is  removable  by  the  May- 
or subject  to  the  limitations  applicable  to  the  removal  of  the  heads  of 
other  Departments. 

The  chief  financial  officer  of  the  City  is  the  Comptroller  who  is  the 
head  of  the  Department  of  Finance,  and  either  directly  or  through  bu- 
reaus in  his  department,  receives  and  disburses  all  taxes  and  revenues, 
audits  and  pays  all  claims  against  the  City,  has  power  to  compromise 
or  adjust  all  claims  in  favor  of  or  against  the  City,  prescribes  the 
forms  of  keeping  and  rendering  all  City  accounts,  and  has  the  right  to 
inspect  and  revise  the  accounts  of  all  the  City  Departments,  and  gen- 
erally controls  and  directs  the  financial  concerns  of  the  City.  He  is 
elected  at  a  g'eneral  election,  holds  office  for  three  years  and  is  remov- 
able by  the  Governor  for  cause. 

The  powers  of  legislation  reserved  to  the  City  are  very  small,  its 
affairs  and  the  powers  and  duties  of  its  officers  being  very  minutely 
prescribed  by  the  Statutes  of  the  State.  It  has  a  Board  of  Aldermen, 
possessing  very  limited  legislative  functions,  but  which  still  retains 
some  power  to  adopt  ordinances  which,  to  become  effectual,  must  be 
approved  by  the  Mayor,  or  passed  a  second  time  over  his  veto.  This 
Board,  in  addition  to  the  President  above  referred  to,  consists  of  twen- 
ty-five Aldermen  elected  by  Districts,  holding  office  for  one  year,  and 
subject  to  expulsion  and  consequent  deprivation  of  office  by  the  Board. 

The  Board  of  Health  has  very  extensive  powers  of  enacting  ordi- 
nances for  the  preservation  and  security  of  life  and  health.  These 
ordinances  have  all  the  force  and  validity  of  penal  statutes;  any  viola- 
tion of  them  is  a  misdemeanor,  and  is  punishable  by  fine  or  imprison- 
ment or  both. 
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The  Dock  Department  is  also  invested  with  power  to  make  similar 
ordinances  relating-  to  the  matters  under  its  charge. 

The  Department  of  Public  Works  is  presided  over  by  a  single  Com- 
missioner, who  is  empowered  to  appoint  a  Deputy. 

This  Department  has  cognizance  and  control: 

1st:  Of  all  structures  and  property  connected  with  the  supply  and 
distribution  of  Croton  Water. 

2nd:  Of  the  collection  of  the  revenues  arising  from  the  sale  or  use 
of  Croton  Water. 

3rd:  Of  opening,  altering,  regulating,  grading,  flagging,  curbing, 
guttering  and  lighting  streets,  roads,  places  and  avenues. 

4th:    Of  the  repairing  and  construction  of  public  roads. 

5th:    Of  the  care  of  public  buildings. 

6th:     Of  the  filling  of  sunken  lots. 

7th.     Of  public  sewers  and  drainage. 

8th:     Of  street  vaults  and  oj:>enings  in  sidewalks. 

9th:  Of  paving,  repairing  and  repaving  streets  and  keeping  the 
same  clear  of  obstructions  and  of  the  re-laying  of  pavements  remov  ed 
for  any  cause. 

10th:    Of  digging  and  constructing  wells. 

11th:  Of  the  care,  management  and  maintenance  of  the  Public 
Baths. 

12th:  Of  the  location,  erection,  establishment  and  maintenance  of 
public  urinals. 

The  work  of  this  Department  is  divided  between  a  number  of  bu- 
reaus. 

The  only  bureau  as  to  the  chief  officer  of  which  the  law  prescribes 
any  professional  qualifications  is  that  having  immediate  charge  of  the 
structures  and  property  connected  with  the  supply  and  distribution  of 
Croton  Water;  this  officer  is  designated  the  "Chief  Engineer  of  the 
Croton  Aqueduct",  and  it  is  provided  by  statute  that  he  and  his  As- 
sistant Engineer  "must  be  Civil  Engineers  of  at  least  ten  years'  expe- 
rience", 

The  sewer  system  cf  the  City  is  also  in  charge  of  an  officer  known 
as  the  "Engineer  in  charge  of  Sewers, "(and  he  is  always  an  Engineer 
by  profession,  although  his  office  is  not  specially  designated  by  stat- 
ute, having  been  created  by  the  Commissioner  of  Public  Works  under 
a  general  law  authorizing  him  to  employ  Engineers,  Surveyors  and 
other  persons  to  devise,  frame  and  construct  a  general  sewerage  sys- 
tem for  the  City. 

Except  as  above  stated,  no  professional  qualifications  whatever 
are  prescribed  by  law  for  the  Commissioner  of  Public  Works,  his 
Deputy,  or  any  of  the  heads  of  bureaus  in  his  Department. 

The  Deputy  Commissioner,  Chief  Clerk,  Consulting  Engineers  and 
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the  Heads  of  Bureaus  are  appointed  by  the  Commissioner  at  pleasure 
without  any  examination  save  such  as  he  may  choose  to  make.  All 
other  positions  in  the  Department,  save  those  of  Axemen,  Laborers, 
and  the  like,  are  appointed  by  the  Commissioner  after  competitive  ex- 
amination by  the  Examiners  of  the  Civil  Service  Board.  All  the  regu- 
lar clerks  and  heads  of  bureaus  are  protected  from  arbitral  removal 
by  the  general  provision  of  the  City  Charter  that  "they  may  not  be 
removed  until  they  have  been  informed  of  the  cause  of  the  proposed 
removal,  and  have  been  allowed  an  opportunity  of  making  an  explana- 
tion." All  employees  other  than  regular  clerks  and  heads  of  bureaus 
are  subject  to  removal  at  the  pleasure  of  the  Commissioner,  unless 
they  were  "Veterans  of  the  late  "War,"  in  which  case  by  operation  of 
a  general  State  Law,  they  can  be  removed  only  upon  charges,  for 
cause,  and  after  trial. 

The  Dock  Department,  presided  over  by  a  Board  of  three  Commis- 
sioners, and  the  Park  Department  under  the  charge  of  four  Commis- 
sioners, have  the  custody,  management  and  control  of  the  classes  of 
public  works  indicated  by  their  respective  titles. 

Reference  has  already  been  made  to  the  public  works  under  the  di- 
rection of  the  Commissioner  of  Street  Improvements  for  the  23d  and 
24th  Wards. 

There  is  no  statute  prescribing  any  professional  qualification  for 
any  of  the  above  named  Commissioners,  nor  for  any  of  their  employees, 
although  in  all  of  these  Departments,  Engineers  are  of  necessity  em- 
ployed. 

A  special  Commission,  composed  of  the  Mayor,  Comptroller,  Com- 
sioner  of  Public  Works  and  four  Commissioners  appointed  by  the  May- 
or, are  at  present  engaged  and  have  been  since  1882,  in  building  a  new 
Aqueduct  and  a  series  of  new  Reservoirs  for  the  purpose  of  increasing 
the  Water  Supply  of  the  City;  the  structures  erected  by  them,  passing 
upon  completion,  under  the  care  and  management  of  the  Department 
of  Public  Works. 

Speaking  generally,  it  may  be  said  that  all  public  work  in  the  City 
of  New  York  is  performed  by  contract,  awarded  to  the  lowest  bidder 
upon  sealed  bids  and  proposals. 

The  terms  of  the  contracts  and  specifications  are  prepared  by  the 
head  of  the  Department  ordering  the  work,  and  are  examined  and  ap- 
proved as  to  form  by  the  Counsel  to  the  Corporation.  Bids  are  invited 
by  advertisement  in  the  City  Record,  a  paper  published  by  the  City. 
The  head  of  Department  may,  and  as  a  rule,  does  require  a  certified 
check  in  an  amount  specified  by  him,  to  be  deposited  with  the  bid.  The 
checks  of  the  unsuccessful  bidders  are  returned  to  them  as  soon  as  the 
bid  is  awarded,  and  the  check  of  the  successful  bidder  is  returned  to 
him  when  he  and  his  sureties  execute  the  contract;  if  a  bidder  to  whom 


142  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

a  contract  is  awarded  refuses  to  execute  the  contract,  his  check  is  for- 
feited. On  the  day  and  hour  specified  the  bids  are  publicly  opened  by 
the  head  of  Department,  in  the  presence  of  the  Comptroller  or  his  i*ep- 
resentative. 

The  head  of  Department  may  reject  all  bids  and  re-advertise,  but 
if  he  awards  the  contract  it  must  be  to  the  lowest  bidder;  though  no 
bid  can  be  accepted  from  or  contract  awarded  to  any  person  who  is  in 
arrears  to  the  City  upon  debt  or  contract,  or  who  is  a  defaulter,  as 
surety  or  otherwise,  upon  any  obligation  to  the  City. 

The  cost  of  l'egulatiug,  grading,  paving,  curbing  and  guttering-  of 
streets,  laying  of  cross-walks,  construction  of  sewers,  fencing-  of  va- 
cant lots,  and  a  few  other  local  improvements  is  assessed  upon  the 
property  benefited. 

A  Board  of  four  Assessors  is  appointed  by  the  Tax  Commissioners. 
To  this  Board,  the  head  of  the  Department  under  whose  directions  the 
work  was  done,  certifies  the  total  cost  of  the  work.  The  Comptroller 
certifies  the  amount  of  interest  chargeable  upon  each  payment  on  ac- 
count of  the  work  from  the  date  of  payment  to  a  date  sixty  days  af- 
ter the  date  of  his  certificate. 

The  Board  of  Assessors  then  assesses  rateably  upon  the  property 
benefited  by  the  work  the  aggregate  amount  of  the  cost  and  interest. 
An  aggrieved  property  owner  can  appeal  to  a  Board  of  Revision,  com- 
posed of  the  Comptroller,  the  Counsel  to  the  Corporation  and  the  Re- 
corder. Their  determination  is  final.  The  amount  assessed  becomes  a 
lien  upon  the  property  which  can  be  sold  to  satisfy  it. 

The  money  necessary  to  pay  for  the  work  as  it  progresses  is  raised 
by  the  Comptroller  by  the  sale  of  Assessments  Bonds  which  are  re- 
deemed out  of  the  proceeds  of  the  assessment  when  collected.  Such 
public  works  as  are  not  paid  for  by  assessment  are  provided  for  either 
out  of  taxation,  or  out  of  the  proceeds  of  bonds.  In  the  former  case, 
the  amount  of  expenditure  is  limited  by  the  appropriation  therefore 
made  by  the  Board  of  Estimate  and  Apportionment;  a  Board  consisting 
of  the  Mayor,  the  Comptroller,  the  President  of  the  Board  of  Alder- 
men, and  the  President  of  the  Tax  Department,  and  which  has  the  pow- 
er to  fix  the  several  amounts  to  be  raised  annually  by  taxation. 

The  amount  of  expenditure  out  of  the  proceeds  of  City  bonds  is  in 
general  limited  by  the  act  authorizing  the  issue  of  the  bonds,  for  with- 
out an  enabling  Act  of  the  State  Legislature  no  City  bonds  can  be  is- 
sued for  any  purpose. 

In  case  a  street  or  avenue   has  once  been  paved  and  the  expense 
thereof  assessed  upon  the  benefited  property,  the  cost  ofanyrepav-. 
ing  which  may  be  found  necessary  is  paid  out  of  general  taxation,  or 
out  of  the  proceeds  of  bonds  issued  for  the  purpose. 

Owing  to  the  limit  placed  upon  the  length  of  this  paper,  and  which 
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has  already  been  over-stepped,  it  has  been  possible  to  give  only  a 
very  general  summary  of  the  organization  of  the  City  Government. 
To  some  of  the  general  statements,  exceptions,  created  by  special 
statutes,  would  upon  an  exhaustive  examination  be  found  to  exist. 
To  enumerate  these  exceptions,  would  however  serve  no  useful  pur- 
pose, as  they  in  no  wise  affect  the  general  scheme  upon  which  the 
municipal  government  is  organized. 


GOVERNMENT  OF  PROVIDENCE,  R.  I 


BY  J.    HERBERT  SHEDD,   CITY   ENGINEER. 


OUTLINE  OP  ORGANIZATION. 

The  government  of  the  City  of  Providence  is  organized  as  follows: 

Mayor — elected  by  the  people  by  a  majority  vote. 

Board  of  Aldermen — one  from  each  ward — elected  by  property  vot- 
ers— plurality  vote. 

Common  Council — four  from  each  ward — elected  by  property  vot- 
ers— plurality  vote. 

All  for  one  year.    Ten  wards  in  the  City  of  Providence. 

The  city  officers,  with  the  exception  of  City  Treasurer,  Overseer 
of  Poor,  Harbor  Master,  Commissioner  of  Public  Works  and  City  En- 
gineer, are  elected  by  the  City  Council  or  Board  of  Aldermen;  to  serve 
one  year. 

The  City  Treasurer,  Overseer  of  Poor  and  Harbor  Master  are  elect- 
ed by  the  majority  of  the  people,  for  one  year. 

The  Commissioner  of  Public  Works  is  appointed  by  the  Mayor  un- 
der approval  by  the  Board  of  Aldermen. 

The  City  Engineer  is  appointed  by  the  Commissioner  of  Public 
Works. 

PUBLIC   WORKS. 

The  Commissioner  of  Public  Works  has  control  of  the  Public 
Works  Department,  which  comprises  the  Water  Works,  Sewer,  High- 
way, Bridge  and  City  Engineer's  Departments.  The  Commissioner  of 
Public  Works  has  charge  of  the  construction  and  maintenance  of  all 
work  pertaining  to  these  departments.  The  Commissioner  of  Public 
Works  appoints  the  City  Engineer  who  is  a  "City  Officer"  and  not  an 
employe  of  the  Public  Works;  Department,  and  assistant  engineers, 
the  salaries  of  the  same  to  be  fixed  by  the  Commissioner  subject  to 
the  approval  of  the  Board  of  Aldermen.  The  Commissioner  appoints 
all  superintendents,  inspectors  and  employees  of  the  several  depart- 
ments, for  the  execution  of  work,  and  fixes  the  salaries  of  the  same 
up  to  one  thousand  dollars,  above  that  sum  the  City   Council  must 


144  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

approve  his  recommendations  to  validate  them.  The  Commissioner  is 
required  to  advertise  when  not  otherwise  authorized  by  the  City  Coun- 
cil and  contract  for  material  or  work  to  be  done  after  the  same  has 
been  ordered  by  the  City  Council. 

QUALIFICATIONS. 

The  appointees  are  not  required  by  law  to  have  any  professional 
qualifications. 

TENURE  OF  OFFICE. 

The  term  of  office  of  the  Commissioner  of  Public  Works  is  three 
years.  The  term  of  office  of  the  City  Engineer  and  his  assistants  ex- 
pires with  that  of  the  Commissioner  making  the  appointment.  The 
other  employees  of  the  Public  Works  Department  have  no  stated 
term  of  office.  The  office  of  Secretary  to  the  Commissioner  is  created 
by  the  General  Assembly,  but  the  appointment  and  removal  is  under 
•  the  control  of  the  Commissioner  of  Public  Works. 

METHOD  OF  ORDERING  PUBLIC  WORK. 

The  construction  work  on  Highways,  Water  Works,  Sewers  and 
Bridges  is  performed  under  the  direction  of  the  Commissioner  of  Pub- 
lic Works,  acting  under  resolutions  of  the  City  Council.  The  main- 
tenance of  repairs  on  Highways,  Sewers  and  Water  Works  is  kept  up 
without  an  order  from  the  Council.  On  bridges  a  sum  not  exceeding- 
seven  hundred  and  fifty  dollars  per  year  for  each  draw  bridge  and  five 
hundred  dollars  per  year  for  other  bridges  is  allowed  for  maintenance. 
An  ordinance  of  the  City  Council  is  necessary  to  exceed  that  sum. 

The  resolutions  of  the  City  Council  ordering  work  performed  gen- 
erally state  that  the  same  shall  be  done  in  accordance  with  the  plans 
and  specifications  of  the  City  Engineer,  who  has  immediate  supervis- 
ion of  all  new  work. 

The  City  Council  provides  each  fiscal  year  an  appropriation  for 
every  department.  For  Water  Works  and  Sewers  an  appropriation 
for  both  construction  and  maintenance  is  separately  provided.  For 
Bridges,  Highways  and  City  Engineer's  Department  one  appropriation 
is  severally  made.  An  addition  to  an  appropriation  is  obtained  by  ord- 
inance of  the  City  Council,  the  funds  being  taken  from  unexpended 
money  in  the  treasury. 

The  money  for  the  support  of  the  city  government  is  obtained  by 
taxation  on  real  and  personal  property,  water  rents,  court  fines,  licenses, 
interests  on  deposits,  rents  from  city  property,  etc.  The  City  of  Provi- 
dence is  allowed  by  statute  to  borrow  money  by  notes  or  bonds  to  an 
amount  not  to  exceed  three  per  cent,  of  the  City's  valuation  and  can 
only  borrow  in  excess  of  that  amount  by  permission  of  the  General 
Assembly  of  the  State. 
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GOVERNMENT  OF  BUFFALO. 


BY  E.  B.   GUTHRIE,   DEPUTY  CITY  ENGINEER. 


Synopsis  of  the  Charter  of  the  City  of  Buffalo,  Which  will  go 
Into  Effect  January  1st,  1892. 


LEGISLATIVE. 

Common  Council  is  composed  of  two  bodies  viz:  The  Board  of  Al- 
dermen consisting  of  twenty-five  members,  one  elected  from  each. ward 
with  term  of  two  years,  and  the  Board  of  Councilmen,  consisting  of 
nine  members  elected  by  the  city  at  large  with  a  term  of  three  years. 
All  action  must  originate  in  the  Board  of  Aldermen,  while  the  Board 
of  Councilmen  only  approve  thereof  or  return  to  the  first  Board  for 
further  consideration. 

CITY  CLERK*. 

Appointed  annually  by  the  Common  Council. 

EXECUTIVE,    ETC. 

Mayor: — The  Mayor  is  elected  for  three  years. 

Finance: — The  Comptroller  and  Treasurer  are  each  elected  for  three 
j^ears. 

Assessment: — Five  Assessors  are  elected  for  five  years,  one  annu- 
ally. 

Law:— The  Corporation  Counsel  is  elected  for  three  years. 

Police: — The  Mayor  and  two  Commissioners  appointed  by  him  for 
six  years  form  Board. 

Health: — Health  Commissioner  appointed  by  the  Mayor  for  five 
years  and  the  Board  of  Health  consists  of  the  Mayor,  Health  Commis- 
sioner and  President  of  the  Board  of  Public  Works. 

Fire:—  Three  Fire  Commissioners  appointed  by  the  Mayor  for  six 
years,  no  more  than  two  to  be  of  the  same  political  party. 

Public  Works: — Three  Commissioners  with  term  of  three  years,  one 
elected,  two  appointed  by  the  Mayor,  but  both  cannot  be  from  the  same 
political  party. 

Parks: — Fifteen  Commissioners  appointed  by  the  Mayor  for  six 
years  without  salary. 

Instruction: — Superintendent  elected  for  three  years. 

Poor: — An  Overseer  elected  for  three  years. 

Municipal  Court: — Two  Judges  elected  for  six  years. 

DEPARTMENT  OF  PUBLIC  WORKS. 

This  Department  is  under  the  entire  charge  of  a  Board  constituted 
as  described  above  and  the  department  is  subdivided  into  four  Bureaus, 
the  officers  and  employees  of  which  are  appointed  by  the  Board  of  Pub- 
lic Works.     The  Bureaus  are  as  follows: 

Bureau  of  Engineering :— Having  charge  of  the  construction  and  re- 
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pairs  of  sewers,  pavement,  bridges,  docks,  and  sidewalks,  locating  and 
grading  streets.  The  chief  officer  of  this  bureau  being  the  Chief  Engi- 
neer. 

Water  Bureau: — Having  charge  of  the  construction  and  mainten- 
ance of  all  work  pertaining  to  the  water  works.  The  chief  officer  of 
this  bureau  is  the  Water  Superintendent.  The  Water  Bureau  however 
remains  in  charge  of  the  present  three  Water  Commissioners  until 
January  1st,  1893,  when  their  term  expires. 

Bureau  of  Streets: — Having  charge  of  the  cleaning  of  streets,  re- 
moval of  garbage,  keeping  streets  free  from  encroachment,  cleaning 
sewers,  inspection  of  gas  and  electric  lights,  and  conduits  of  all  kinds. 
The  chief  officer  of  this  bureau  is  the  Street  Superintendent. 

Bureau  of  Building ;  —Having  charge  of  the  construction  and  repair 
of  all  buildings  in  the  city.  The  chief  officer  of  this  bureau  is  the 
Superintendent  of  Public  Buildings  with  three  inspectors  who  shall  be 
practical  building  mechanics  of  not  less  than  five  years  experience. 

The  Board  of  Public  Works  may  recommend  any  work  to  the  Com- 
mon Council  with  or  without  plans  and  specifications,  and  the  Common 
Council  may  order  the  work  done  or  may  order  plans  and  specifica- 
tions furnished  with  or  without  estimates  or  bids  from  parties  to  do 
the  same.  The  Common  Council  may  order  any  work  with  or  without 
recommendation  of  the  Board  of  Public  Works,  but  when  so  ordered  a 
contract  shall  be  made  by  the  Board  except  when  the  latter  is  author- 
ized to  do  the  work  itself.  The  Board  may,  on  the  order  of  the  Com- 
mon Council,  enter  into  contract  for  not  exceeding  five  years,  for  clean- 
ing the  streets.  No  extension  of  the  water  works  to  be  made  except 
on  the  recommendation  of  the  Board. 

APPOINTMENTS. 

Appointments  and  removals  in  the  Department  of  Public  Works  to 
be  made  by  the  Board  and  all  appointments  below  the  heads  of  Bureaus, 
excepting  those  of  a  fiduciary  character  will  be  under  the  Civil  Ser- 
vice rules  if  the  present  system  is  retained  by  the  Mayor  in  forming 
the  classifications  for  next  year.  No  provisions  for  any  professional 
qualifications  of  appointees  in  the  Department  of  Public  Works  other 
than  as  specified. 

TENURE  OF  OFFICE. 

The  charter  provides  terms  of  office  only  for  the  commissioners 
themselves,  while  their  appointees  are  subject  to  removal  at  any  time. 

METHODS  OF  ORDERING  WORK. 

Cross-walks,  sidewalks,  culverts,  sewers,  receivers,  wharves,  piers, 
canals,  slips  and  paving  are  to  be  paid  for  by  local  assessment.  City 
Hall,  markets,  bridges,  reservoirs,  wells  and  fountains  to  be  paid  for 
either  by  general  or  local  assessment.  Repairs  of  paved  streets  and 
public  sewers  to  be  made  from  the  general  fund,  and  such  repairs  to  be 
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made  by  the  Board  without  order  of  the  Common  Council,  and  the 
Board  shall  employ  labor  and  purchase  materials  therefor.  No  expend- 
iture of  $500  dollai's  or  over  to  be  made  by  the  Board  without  consent 
of  the  Common  Council;  for  expenses  in  excess  of  this  the  Board  shall 
publish  a  notice  twice  a  week  for  two  weeks  in  the  official  and  two 
other  daily  city  papers  inviting-  proposals  and  then  contract  with  the 
lowest  responsible  bidder.  When  a  street  is  to  be  paved,  plans  and 
specifications  shall  be  prepared  for  each  kind  of  pavement,  for  laying 
which  specifications  have  been  filed  by  the  Board.  The  latter  shall 
advertise  for  bids  and  report  to  the  Common  Council.  After  thirty 
days  and  within  sixty  days,  the  Common  Council  shall  determine 
which  kind  shall  be  used,  and  in  case  no  majority  petition  for  a  spo- 
cial  kind  shall  have  been  presented,  the  Common  Council  shall  declare 
by  notice  its  intention  to  order  the  street  paved  with  any  kind  it  may 
select.  When  expense  of  paving  exceeds  $500  it  shall  not  be  ordered 
except 

1st.  On  a  three-fourths  vote  of  all  members  elected  to  Common 
Council  and  after  publishing  notice  of  intention  three  times  a  week  for 
three  weeks. 

2nd.  Unless  petitioned  for  by  a  majority  of  resident  owners  repre- 
senting at  least  two-fifths  of  all  feet  frontage. 

No  work,  except  paving,  which  shall  exceed  $500  shall  be  ordered 
except  by  two-thirds  vote  of  Common  Council  and  after  publication  in 
six  successive  issues  of  the  official  paper  and  one  other  daily  paper,  of 
notice  of  intention  to  so  order.  The  money  for  work  to  be  paid  for 
out  of  the  General  Fund  is  to  be  raised  by  annual  general  tax  and 
based  upon  the  estimates  of  the  Board,  all  work  to  be  paid  for  by  spec- 
ial local  funds  are  to  be  provided  for  by  assessments  on  the  property 
benefitted,  which  latter  works  include  sewers  and  pavements,  for 
which  the  city  pays  no  portion  unless  it  holds  property  improved  by 
the  work.  The  assessment  rolls  for  local  work  are  held  by  the  Asses- 
sors for  ten  days  from  time  they  publish  notice  that  they  are  on  file  in 
their  office  for  inspection,  then  they  go  to  the  Corporation  Counsel 
who  examines  into  their  regularity,  then,  if  regular,  they  are  delivered 
to  the  City  Clerk  who  publishes  notice  in  five  successive  issues  of  the 
official  papers  that  objections  may  be  filed  thereto  within  ten  days,  if 
no  objections  are  filed,  the  rolls  become  confirmed  by  limitation;  if 
objections  are  filed  the  fact  is  communicated  to  the  Common  Council 
and  the  latter  then  considers  the  objections,  confirms,  annuls  or  refers 
it  back  to  the  Assessors  for  a  new  assessment.  Upon  confirmation  of 
an  assessment  roll  it  is  delivered  to  the  Comptroller  who  publishes 
notice  to  that  effect  and  that  the  same  will  be  delivered  to  the  treas- 
urer in  two  weeks  thereafter,  upon  receipt  of  the  roll  by  the  treasurer 
notice  is  published  in  five    successive  issues  of    the   official  paper 
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that  payments  may  be  made  thereon  at  any  time  within  a  month  with- 
out addition  of  interest  and  that  thereafter  interest  will  be  added  at 
one  per  cent,  per  month  Until  returned  to  the  Comptroller  for  enforced 
collection,  into  details  of  which  it  is  impossible  to  enter  here.  The 
treasurer  does  not  advertise  a  roll  until  notified  that  the  work  has 
been  commenced.  An  assessment  is  a  lien  upon  property  soon  as  the 
roll  is  published  by  the  Treasurer.  When  any  local  assessment  ex- 
ceeds $5,000  and  in  every  case  for  paving,  payments  can  be  made  in  five 
annual  installments,  the  last  four  bearing  five  per  cent,  interest.  Pro- 
vision thus  having  been  made  for  payment  of  the  work  the  latter  is- 
carried  out  by  the  Board. 


GOVERNMENT  OF  PHILADELPHIA. 


BY  PROF.    DWIGHT  PORTER. 


Under  the  provisions  of  the  Bullitt  bill,  which  applies  to  all  cities 
of  the  first  class,  so  called,  in  the  Commonwealth  of  Pennsylvania, 
and  which  came  into  effect  in  April,  1887,  executive  power  in  the  city 
of  Philadelphia  is  vested  in  the  mayor  and  in  nine  departments,  as- 
follows: — 

I.  Department  of  public  safety. 

II.  Department  of  public  works. 

III.  Department  of  receiver  of  taxes. 

IV.  Department  of  city  treasurer. 

V.  Department  of  city  controller. 

VI.  Department  of  law. 

VII.  Department  of  education. 

VIII.  Department  of  charities  and  correction. 

IX.  Sinking  fund  commission. 

The  mayor  is  chosen  at  the  municipal  election,  and  holds  office  for 
four  years,  but  is  not  eligible  for  the  next  succeeding  term. 

The  department  of  public  safety,  and  that  of  public  works,  are  each 
under  the  charge  of  one  director,  who  is  nominated,  and  with  the  ad- 
vice and  consent  of  the  select  council  is  appointed,  by  the  mayor. 
These  directors  hold  office  during  the  term  of  the  appointing  mayor. 

The  department  of  charities  and  correction  is  in  the  charge  of  a 
president  and  four  directors,  all  of  whom  are  appointed  by  the  mayor; 
but  their  term  of  office  is  five  years  from  date  of  appointment,  assum- 
ing good  behavior. 

The  receiver  of  taxes,  the  city  treasurer,  the  city  controller,  and 
the  city  solicitor,  are  at  the  head  of  their  respective  departments. 
They  are  elected,  and  hold  office  for  a  term  of  three  years. 
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The  department  of  education  and  the  sinking  fund  commission  were 
not  disturbed  by  the  Bullitt  bill. 

The  mayor  is  ex  officio  a  member  of  the  various  boards,  such  as  the 
board  of  health  and  others,  excepting  the  board  of  building  inspectors? 
and  may  vote  and  otherwise  participate  in  the  proceedings  of  such 
boards.  By  written  order,  transmitted  to  the  select  council  and  giv- 
ng  his  reasons  therefor,  he  may  remove  from  office  any  head  of  de- 
partment or  other  officer  appointed  by  him.  His  salary  is  by  city  ordi- 
nance fixed  at  $12,000  per  annum. 

By  the  director  of  the  department  of  public  safety  is  exercised  sup- 
ervision and  management  of  all  matters  relating  to  the  public  health, 
to  the  fire  and  police  force,  fire  alarm  telegraph,  erection  of  fire  es- 
capes, and  the  inspection  of  buildings,  boilers,  markets,  etc.  Attached 
to  this  department  is  the  board  of  health,  composed  of  five  members, 
nominated  by  the  mayor  and  confirmed  by  the  select  council  for  a  pe- 
riod of  three  years.  The  director  of  public  safety  is  ex  officio  a  mem- 
ber and  president  of  this  board,  and,  subject  to  its  orders,  may  appoint 
and  control  all  its  subordinate  officers  and  employes.  The  board  of 
building  inspectors  is  also  attached  to  the  department  of  public  safety, 
and  the  three  members  of  the  board — practical  bricklayers  and  carpen- 
ters— are  appointed  by  the  director,  and  act  under  his  supervision  and 
control.  The  salary  of  the  director  of  public  safety  is  $7,500  per  an- 
num. 

The  director  of  the  department  of  public  works  is  entrusted  with 
supervision  and  management  of  the  city  water- works  and  gas  works; 
the  supply  and  distribution  of  water  and  gas;  the  construction,  main- 
tenance, cleaning  and  lighting  of  streets,  alleys  and  highways;  the 
construction  and  repair  of  bridges  and  of  public  buildings,  excepting 
those  used  for  educational  or  police  purposes;  public  squares;  surveys, 
engineering,  sewerage,  drainage,  and  dredging;  and  all  matters  relat- 
ing to  the  highways,  footways,  wharves  and  docks  of  the  city.  Certain 
previously  existing  special  acts  regarding  public  grounds  and  buildings 
were  not  affected,  however,  by  this  bill.  The  city  is  divided  into  sur- 
vey districts,  the  district-surveyors  being  appointed,  subject  to  ap- 
proval by  the  select  council,  for  terms  of  five  years,  by  the  director  of 
public  works,  and  performing  their  duties  under  the  direction  of  that 
department.  The  director  of  public  works  receives  an  annual  salary 
of  $7,500. 

Directors  or  chief  officers  of  departments  appoint  all  subordinate 
officers  and  clerks,  and  by  written  order  giving  their  reasons,  which 
must  be  other  than  political,  may  remove  or  suspend  such  appointees. 
Appointments  of  officers  and  other  employes,  and  promotion  of  sub- 
ordinate officials  must,  however,  be  based  upon  competitive  examina- 
tion; but  assistants  of  the  city  solicitor,  assistants  or  laborers  employ- 
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ed  for  special  or  temporary  work,  and  professional  experts,  are  except- 
ed from  this  requirement.  Personal  solicitation  of  the  appointing- 
power  in  favor  of  any  candidate,  by  any  person,  disqualifies  the  candi- 
date for  competing,  for  one  year,  at  any  examination  or  appointment. 

Contracts  for  public  improvements  are  to  be  based  upon  estimate 
of  the  whole  cost,  furnished  through  the  department  having  charge  of 
the  improvement,  and  no  bid  in  excess  of  such  estimate  is  to  be  accept- 
ed. In  case  of  contracts  for  improvements,  the  cost  of  which  is  to  be 
paid  by  assessment  upon  property  abutting  or  benefited,  the  contract- 
or must  look,  not  to  the  city,  but  to  the  assessment  for  his  compensa- 
tion. 

Councilmen,  officers,  and  employes  in  general  of  the  city,  are  not 
to  be  interested,  directly  or  indirectly,  in  contracts  for  work  to  be  done 
for,  or  material  to  be  furnished  to  the  city,  under  penalty  of  forfeit- 
ure of  office.  The  receiving  by  an  officer  or  employes  of  any  depart- 
ment of  a  gift,  fee,  or  any  pay  for  official  services  other  than  his  regu- 
lar salary,  except  by  written  consent  of  the  director  of  the  department, 
is  forbidden,  under  penalty  of  dismissal  from  office;  as  is  also  partici- 
pation, even  by  presence,  in  any  political  convention. 


GOVERNMENT  OF  THE  CITY  OF  PARIS.  FRANCE. 


BY  HENRY   D.    WOODS,   C.    E. 

The  government  of  the  City  of  Paris  differs  considerably  from  that 
of  the  other  cities  of  France,  from  the  fact  of  its  being  the  Capital  and 
seat  of  the  Central  Government.  For  this  reason  it  is  more  directly 
under  the  control  of  government  officials,  both  in  the  matter  of  its 
finances  and  police,  as  well  as  in  that  of  its  public  works. 

In  a  general  way  the  country  is  divided  into  thirty -seven  thousand 
"Communes"  so  called,  which  are  the  units  of  government  in  France. 
Each  Commune  is  presided  over  by  a  "Maire,"  appointed  by  the  Presi- 
dent of  the  French  Republic,  from  among  the  members  of  the  Muni- 
cipal Council  of  the  Commune,  which  is  elected  by  popular  vote.  The 
Maire  has  from  one  to  three  "Adjoints"  or  assistants,  according  to  the 
population,  who  represent  him  when  absent,  or  in  press  of  business. 
These  offices  are  gratuitous. 

The  Maire  represents  the  executive  power  of  the  Commune,  he 
represents  the  law  in  all  civil  acts,  performs  all  mai'riages,  and  makes 
out  all  certificates  of  births,  deaths,  etc.  He  is  agent  of  the  General 
Government  for  the  execution  of  all  measures  issuing-  from  it,  and  is 
a  delegate  of  the  judicial  authorities  in  the  maintenance  of  peace  and 
order.  At  the  same  time  he  is  agent  of  the  Commune  to  look  after  its 
interests.     He  has  the  appointing  of  a  certain  number  of  officials. 
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The  Municipal  Council  discusses  all  measures  to  be  taken  for  the 
management  of  the  Communal  properties,  and  the  carrying  on  of  its 
administration.  It  passes  all  appropriations,  ordinances,  etc.  The 
Maire  is  President  of  the  Municipal  Council.  The  members  are  elected 
for  a  term  of  six  yeai's,  and  renewed  by  halves.  There  are  from  ten 
to  thirty-six  members,  according-  to  the  population  plus  one  additional 
for  each  "adjoint." 

Each  of  the  eighty-seven  Departments  of  France  is  governed  by  a 
Prefect  appointed  by  the  President  of  the  Republic.  He  represents  the 
General  Government,  and  has  charge  of  all  the  interests  of  the  Depart- 
ment, which  he  controls  through  the  Sub-Prefects.  He  is  assisted  by 
a  Council  of  Prefecture,  appointed  by  the  Government.  Each  year 
the  Prefect  visits  the  different  Communes  of  his  Department,  and 
makes  a  report  to  the  Minister  of  the  Interior.  He  has  the  power  to 
suspend  a  member  of  a  Municipal  Council  in  certain  cases. 

The  Department  of  the  Seine,  in  which  Paris  is  situated,  is  the 
smallest  of  all  the  Departments,  and  contains  but  two  other  cities,  the 
Sub-Prefectures  of  St.  Denis,  and  Sceaux. 

The  "Prefect  of  the  Seine"  is  in  reality  the  "Maire"  of  the  City  of 
Paris,  as  the  term  is  applied  to  the  other  cities  of  the  State. 

The  Municipal  Council  of  Paris  discusses  the  appropriations,  and 
votes  on  them,  but  it  can  not  by  vote  stop  the  credits  or  appropriations 
for  carrying  on  any  public  service  that  devolves  on  the  city  to  provide 
for.  The  Minister  of  the  Interior  has  the  power  to  insert  in  the  ap- 
propriation order  any  omission  of  this  kind  that  may  occur. 

The  President  of  the  Municipal  Council  of  the  City  of  Paris,  is 
elected  by  the  members,  and  simply  presides  over  its  sessions,  and 
represents  it  on  official  occasions,  but  has  none  of  the  duties  of  a  Maire 
to  perform. 

The  City  of  Paris  is  divided  into  twenty  "Arrondissements"  each  of 
which  has  a  "Maire"  with  assistants  appointed  by  the  Prefect  of  the 
Seine,  who  attend  to  all  the  Civil  Acts  of  the  Arrondissment.  Each 
of  these  Arrondissments  is  divided  into  four  "Quartiers"  each  of  which 
elects  a  member  to  the  Municipal  Council. 

The  Prefect  of  the  Seine,  besides  having  to  look  after  the  interests 
of  the  Department  of  the  Seine,  has  also  to  supervise  the  finances  of 
the  City  of  Paris,  the  Municipal  debt,  taxes,  elections,  schools,  public 
land  and  offices,  municipal  buildings,  markets,  cemeteries,  highways, 
parks,  water  works,  sewers,  bridges,  navigation  and  harbors  of  the 
river  and  canals,  the  pawnbrokerage  establishment,  and  the  relief  of 
the  poor. 

Thus  all  the  public  works  of  the  city  are  under  the  general  manage- 
ment of  the  Prefect  of  the  Seine.  All  estimates  and  bills  for  settle- 
ment for  work,  have  to  be  approved  by  him,  as  well  as  by  the  Council. 
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All  questions  of  public  safety  and  order  are  under  the  management 
and  control  of  the  "Prefect  of  Police,"  appointed  by  the  Government. 
His  department  is  divided  into  three  classes;  Political  police  and  the 
public  safety,  referring  more  directly  to  the  general  welfare  of  the 
country  at  large,  and  the  municipal  police,  specially  for  the  city. 
Under  this  latter  head  the  Prefect  of  Police  has  to  look  after  the  pub- 
lic health:  keep  the  civil  peace,  repress  all  crimes  and  misdemeanors; 
have  a  surveillance  over  all  hotels,  lodging,  etc. ;  test  all  weights  and 
measures;  look  after  all  markets,  slaughter-houses,  public  vehicles; 
funerals;  the  fire  department  and  general  sanitation.  Lately  some  of 
this  work  has  been  put  into  the  department  of  public  works. 

The  Prefect  of  Police  has  full  control  of  his  appropriations,  and  the 
Municipal  Council  has  only  to  pass  them  as  a  lump  sum.  Owing  to 
the  importance  of  this  department  for  the  general  public,  the  Govern- 
ment refunds  to  the  city  about  one-third  of  the  appropriation. 

PUBLIC   WORKS  IN  PARIS. 

All  the  Cities  of  France  may  apply  to  have  Government  Engineers, 
from  the  "Corps  des  Ponts  et  Chaussees"  detailed  for  service  on  their 
works,  but  the  City  of  Paris,  alone,  is  obliged  by  law  to  have  all  its 
public  works  carried  on  under  their  direction. 

In  1854,  Mr.  Belgrand,  Chief  Engineer  of  the  Ponts  et  Chaussees, 
was  put  in  charge  of  the  Water  and  Sewer  Works  of  the  city.  About 
the  same  time  Mr.  Alphand  of  the  same  corps,  was  put  in  chai'ge  of  the 
streets,  parks,  lights,  conveyances,  and  in  fact  all  the  other  public 
departments.  Under  these  two  heads  were  eight  Division  Engineers, 
of  the  Ponts  et  Chaussees,  each  having  a  section  of  the  city  to  look 
after,  who  reported  to  each  head,  on  that  portion  of  the  work  that  re- 
ferred to  his  departments. 

Mi".  Belgrand  died  in  office  in  1878.  Then  his  office  as  a  separate 
one,  was  abolished,  and  all  the  depai'tments  were  put  in  the  hands  of 
Mr.  Alphand,  as  Director  of  Public  Works,  assisted  bjT  Mr.  Huet,  as 
Sub-Director.     The  present  organization  dates  only  from  1878. 

Mr.  Alphand  died  last  December,  and  his  place  has  probably  been 
filled  by  promotion. 

The  Department  of  Public  Works  of  Paris,  comprises  all  the  public 
work  for  the  city  above  or  below  the  surface  of  the  ground.  There  are 
five  divisions. 

Public  Ways  and  Parks,  with  adjoining  buildings. 

Collection  and  Distribution  of  Water. 

Sewers,  and  the  disposal  of  all  refuse  of  human  life. 

Architectural  Works. 

Fine  Arts,  and  the  care  of  Historical  Works. 

The  Sub-Director  has  also  charge  of  the  general  accounts  of  the 
works,  care  of  collection,  plans  and  models,  that  belong  to  the  city,  the 
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oversight  of  the  Municipal  Observatory  of  Montsouri,  and  the  control 
of  the  operations  of  the  Telephone  Co.,  Pneumatic  Clock  Co.,  and  the 
various  companies  for  distributing  power  about  the  city. 

The  Department  of  Public  Works  is  divided  into  two  secions: — the 
Interior  Service  that  forms  a  part  of  the  offices  of  the  administration 
of  the  Prefecture,  and  the  Active   Service,  including  all  outside  work. 

The  Interior  Service  is  divided  thus; 

„.     ,    _ .   .  .       {  1st  Bureau  General  Works. 

*irst  Division -j  3nd      «        Water,  Canals,  Sewers. 

Second     Divi-  i  1st  Bureau  Contracts,  Aquisitions,  Expropriations. 

sion.  •]  2nd      "       Street-lines,  Unhealthy  Houses. 

Highways.        (  3rd      "       Streets,  Parks,  Lights. 

Third  Division  (  1st  Bureau  City  Buildings,  Etc. 
Architect-   -]  2nd      "        State  and  Depart.  Buildings. 

ure.  (  3rd      "        Book-keeping,  Control,  Verification. 

-prnrv  a-rtc  ^  Orders,  Competitions,  Expositions,  Festivals. 

*tne  arts.         I  Care  and  inventory  0f  Monuments  and  Art  Objects. 

Historical       j 
Work.  \ 

Active  Service  is  subdivided  as  follows: 

I.      DIRECTION   OF  HIGHWAYS  AND  PARKS. 

The  Sub-Director,  is  Director  of  this  Division  and  has  charge  of, 

"One  Curator.    (  Central  Section. 
Three  Head      <  Alinement  Section. 
Geometers.        (  Topographic  Section. 
Plan    op    the.  Seventeen  Surveyors. 

City.  '  Twenty-One  Assistant  Surveyors. 

Six  Draughtsmen. 
Two  Assistant  Draughtsmen. 
_  Thirty-three  Chainmen. 

Highways.        ■{  Twenty  Highway  Surveyors. 

Supervision  op  (  ,-»».„  nv,w 
Public  Car-     *  One  Chief. 

RIAGES. 

f  One  Consulting-  Inspector,  Director  of  the  School 
Parks  and       J  of  Arboriculture. 

Plantations,    j  One  Chief  Gardener,  Two  Inspectors. 

[Two  Curators  for  the  Parks,  One  Architect. 

Public  Ways,   including:    Street  Cleaning,   Lighting,   Leases  on 

Streets. 

("1st   Div.  Left  Bank  &  j  One   Chief  Eng.  P.  et  C. 

Bois  de  Boulogne    j  Three  Ord.       "  "     "    " 
Public  Ways.  <J 

|  2nd  Div.  Right  Bank  &(  One  Chief        "  "     "    " 

L         B.  de  Vincennes.*    j  Three  Ord.       "  "     "    " 

Control    of   ( 

Gas  Works,      ■<  One  Chief  Inspector  and  Three  Assistants. 

and  Meters,     r 


*These  are  the  eight  Div.  Eng.  of  the  organization  of  1854-1878. 
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H.      WATER  DEPARTMENT. 

Canals  and      t 

Water  -j  One  Engineer  in  Charge. 

Supply.  ( 

Maintenance     (  ^      T 

op  Conduits.      \  0ne  Rector. 

Distribution     {  One  Inspector. 

of  Water.        (  Two  Sub-Inspectors. 

PUMPING  (  r,       T  , 

Plant.  -j  One  Inspector. 

in.      SEWER  DEPARTMENT,   ETC. 

(  One  Chief  Engineer,  Actually  Chief  Eng.  P.  et.  C. 
\  One  Consulting  Eng.,         "        Insp.  Gen.  P.  et.  C. 

Construction  f 

,™C™6     The  Eight  Div.  Engineers. 

?he  RiJeI  I  0ne  0rdinary  Engineer,  P.  et  C. 

BlEVRE.  t 

Sewerage  Ir-  j  One  Orel.  Eng.  P.  et  C. 
rigations.  |  One  Inspector  P.  et  C. 

IV.      QUARRIES. 

\  One  Chief  Engineer  acting  as  Inspector  of  Quarries. 
'(  One  Ordinary  Engineer  acting  as  Special  Engineer. 

T.      ARCHITECTURE. 

Control  and   (  One  Head  Controler. 
Verification.  \  Two  Sub-Controlers. 

Maintenance   ( 

of  Public         <  Twelve  Architects. 

BUDLDLNGS.  ( 

Once  a  week  there  is  a  meeting  of  the  Council  of  Engineers  under 
the  presidency  of  the  Prefect  of  the  Seine,  to  deliberate  and  advise  on 
the  works  proposed  by  the  different  engineers,  connected  with  the  sev- 
eral departments.     This  Council  consists  of: 

The  Prefect  of  the  Department  of  the  Seine. 

The  Director  of  Public  Works. 

The  Consulting  Engineers. 

The  Chief  Engineers  of  the  Highways. 

The  Chief  Engineers  of  the  Depax-tment  of  the  Seine. 

The  Chief  Engineer  of  the  Quarries. 

The  Chief  Engineer  of  the  Water  Works. 

The  Chief  Engineer  of  the  Sewers. 

The  Division  Engineers  attend  the  meetings  to  give  information  in 
reference  to  their  Divisions.  The  Section  Engineers  are  called  in 
when  necessary. 

All  important  work,   whether  emanating  from  the  Department  of 
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Public  Works,  the  Municipal  Council  or  the  State,  after  being  worked 
up  and  planned  by  the  engineers,  has  to  be  approved  by  the  National 
Council  of  the  Ponts  et  Chaussees,  before  it  can  be  executed. 

APPENDIX. 

The  Engineering  force  of  the  Department  of  Public  Works  of  Paris, 
is  composed  of  two  classes: 

Engineers  and  Conducteurs  of  the  Corps  Ponts  et  Chaussees,  de- 
tached from  the  government  service  and  detailed  to  the  Prefect  of  the 
Seine;  they  are  paid  by  the  city  at  the  rate  corresponding  to  the  grade 
they  hold  in  the  P.  et  C,  plus  a  certain  amount  for  expenses  or  resi- 
dence, varying  with  their  work. 

Municipal  Engineers  and  Conducteurs,  who  are  Civil  Engineers,  not 
connected  with  the  Ponts  et  Chaussees.  Tiieir  pay  is  similar  to 
that  of  the  other  class,  for  the  same  positions. 

Both  classes  are  subjected  to  a  tax  for  the  pension  fund  of  their 
respective  corps.* 

Placed  under  the  orders  of  the  engineers,  are  a  force  of  conducteurs, 
inspectors,  and  foremen  or  overseers.  Those  taken  from  Civil  prac- 
tice have  to  pass  an  examination  corresponding  to  the  one  passed  by 
the  P.  et  C.  men  of  the  same  grade,  and  the  overseers  have  to  pass  a 
second  one  before  they  can  be  promoted  to  the  grade  of  inspectors. 

On  the  31st  of  December,  1889,  this  force  stood  as  follows: 

Interior  Ser-  \  112  Persons,  divided  into  11  offices,  received  $87,400 
vice.  I    14Auxilliary  Agents        .         .    .      "     "  5,670 

Active  Ser-      ( 877  Persons        .        .        .        .  "     "     $564,570 

vice.  ( 286  Auxilliary  Agents        .         .         "     "       108,120 

There  were  twenty  "Commissaires  Voyers"  or  highway  surveyors, 
and  twenty  assistants,  one  each  for  each  Arrondissement,  with  office 
at  the  Mairie.  They  examine  all  applications  for  buildings,  signs,  lan- 
terns, etc.,  all  butcher  shops,  and  similar  places,  unhealthy  lodgings, 
estimate  costs  of  damages  for  takings  of  lands  and  buildings  for  street 
improvement,  etc.    Salaries  from  $520  to  $2,600  per  annum. 

The  Geometers  or  Surveyors  of  the  plans  of  Paris  who  make  all 
land  plans  and  studies  for  new  streets  and  alterations  in  the  old  one, 
and  give  all  street  lines.  Salaries  of  Surveyors  and  Draughtmen  $900 
to  $1,100. 

Salaries  of  Assistant  Surveyors  and  Draughtsmen  $600  to  $800. 

Salaries  of  Chairmen  $420  to  $520. 

*It  might  be  well  to  state  here  that  all  the  employees  of  the  city,  and 
in  fact  the  employees  of  all  Contractors  and  Manufactories  are  taxed  in 
the  same  way  for  a  pension  fund.  The  tax  is  in  the  form  of  a  per-centage 
of  the  wages,  which  is  retained,  on  pay  day.  The  City,  Contractor,  or 
Manufacturer  paying  also  into  this  fund  a  certain  amount,  proportional  to 
the  pay  rolls. 


156  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

DISCUSSION. 


President  Stearns:— I  will  say  with  reference  to  the  subject  of  Mr. 
Moore's  paper  that  there  is  another  paper  relating  to  the  government 
of  St.  Louis  in  the  North  American  Review  for  November,  1891,  writ- 
ten by  the  Mayor  of  the  city,  and  he  reaches  conclusions  similar  to 
those  which  Mr.  Moore  has  reached.     He  says,  for  one  thing: 

"The  charter  was  most  carefully  prepared  by  eminent  citizens, 
many  of  them  of  national  reputation,  and  while  it  is  necessarily  defec- 
tive in  respect  to  the  absence  of  the  judicial  branch,  it  is  nevertheless 
confidently  believed  to  be  the  best  city  charter  in  the  land." 

In  another  place  he  says: 

"In  St.  Louis  it  (the  charter)  has  been  tried,  and  it  is  confidently  be- 
lieved that  with  a  very  few  modifications  which  experience  and  time 
will  accomplish,  the  problem  of  the  government  of  cities  has  been 
solved  in  its  present  charter." 

I  will  read  another  quotation  relating  to  the  board  of  public  improve- 
ments.    He  says: 

"In  addition,  there  is  another  check  upon  the  reckless  or  extrava- 
gant appropriation  or  expenditure  of  public  money  for  street  purposes, 
in  the  fact  that  the  legislative  branch  cannot  pass  an  ordinance  for  such 
purposes  unless  it  is  recommended  by  the  board  of  public  improve- 
ments, which  is  composed  of  five  members  appointed  by  the  Mayor,  and 
a  president  who  is  elected  by  a  direct  vote  of  the  people." 

This  shows  an  agreement  in  two  papers  written  from  an  entirety  dif- 
ferent stand-point. 

All  of  the  papers  are  open  to  discussion,  and  Mr.  Moore  will  no 
doubt  be  ready  to  answer  any  questions  that  may  be  asked  him. 

Mr.  L.  F.  Rice: — I  should  like  to  ask  Mr.  Moore,  if  at  the  inception 
of  this  departure  from  the  old  system,  there  was  any  conflict  or  at- 
tempt at  conflict  between  the  previously  existing  methods  of  conduct- 
ing-work,  or  those  who  previously  did  the  work;  (that  is  to  say,  the 
leaders  in  the  political  organizations)  and  the  new  organization 
which  was  divorced  from  them; — whether  there  was  any  attempt  to 
contest  the  new  order  of  things,  and  if  so,  what  the  result  of  that  at- 
tempt was? 

Mr.  Moore: — There  was  no  contest  except  in  determining  the  vote 
by  which  the  new  charter  was  passed.  There  was  some  attempt  to  con- 
test that.  The  old  county  court,  whose  jurisdiction  over  city  affairs 
was  to  be  done  away  with,  died  hard,  and  the  divorce  of  the  city  and 
county  was  on  the  part  of  the  latter  not  gracefully  accepted.  The 
previous  experience  had  been  that  the  county  received  very  large  bene- 
fits from  the  taxes  paid  by  the  city.  The  county  roads  were  then  built 
and  improved  by  taxes  raised  in  the  city.      Since  that  time  road  build- 
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ing  in  the  county  has  almost  ceased.  But  after  the  vote  was  finally 
decided  there  was  no  further  contest,  and  the  new  order  of  things  went 
into  effect  with  the  utmost  harmony  and  without  any  clashing  what- 
ever. There  was  a  little  difficulty  in  interpreting  some  of  the  clauses 
of  the  city  charter,  owing  to  the  fact  that  it  was  prepared  in  so  short 
a  time  that  its  provisions  were  not  quite  as  well  digested  as  they 
should  have  been.  But  all  of  these  difficulties  were  soon  harmonized 
by  judgment  of  the  city  counsellor,  who  was  authorized  to  settle  such 
difficulties,  and  the  new  machinery  moved  on  without  friction. 

Mr.  J.  T.  Desmond: — I  would  like  to  ask  Mr.  Moore  if  he  did  not  find 
some  trouble,  as  a  member  of  the  board,  in  letting  contracts  to  the 
lowest  bidder.  I  notice  the  same  thing  in  the  New  York  charter. 
Don't  you  think  that  might  make  some  trouble,  that  an  irresponsible 
party  might  be  the  lowest  bidder? 

Me.  Moobe: — No,  sir;  I  believe  not.  Every  bidder  is  required  to  de- 
posit security  that  he  will  execute  the  contract,  and  give  a  proper 
bond.  If  he  fails  to  do  that  his  money  is  very  promptly  covered  into 
the  treasury,  and  the  experiment  is  not  of  ten  repeated.  The  system  of 
letting  to  the  lowest  bidder  I  think  has  been  an  entire  success.  Of 
course  it  has  not  always  secured  the  most  desirable  contractor.  Occa- 
sionally one  would  have  a  contract  in  his  department  given  to  a  man 
who  should,  perhaps,  have  been  in  the  penitentiary.  But  it  was  the 
commissioner's  fault  if  he  did  not  get  the  work  properly  done.  He  had 
ample  power  to  get  all  that  was  nominated  in  the  bond,  and  if  he  did 
not  get  it,  he  only  was  to  blame.  There  was  practically  no  difficulty 
in  doing  it. 

The  principal  difficulty  under  the  old  regime  in  the  matter  of  con- 
tracts was  a  very  vicious  system  under  which  the  work  was  awarded 
at  prices  lower  than  it  could  be  honestly  done  for,  the  contractors  trust- 
ing to  a  lax  inspection,  to  bring  them  off  whole.  But  few  inspectors 
were  then  provided  for  and  those  few  were  largely  the  appointees  of 
the  council  committees.  But  under  the  new  system  the  commissioner 
appointed  his  own  inspectors,  and  no  woi'k  was  allowed  to  be  begun 
until  sufficient  money  to  pay  for  the  inspection  had  been  provided.  At 
first  there  were  a  few  contractors  rash  enough  to  undertake  work  on 
the  old  basis,  but  after  having  the  money  due  them  prorated  by  the 
city  treasurer  among  their  creditors,  they  were  more  careful.  After 
that  the  work  was  taken  at  prices  for  which  it  could  be  honestly  done, 
and  carried  out  accordingly. 

Me.  Desmond  Fitzgeeald: — The  magazines  for  the  last  three  or  four 
years  have  been  pretty  well  filled  with  articles  in  regard  to  the  conduct 
of  municipal  affairs.  I  have  not,  however,  seen  many  articles  by  engi- 
neers, and  I  should  like  to  see  a  few.  From  their  position  and  experi- 
ence they  are  particularly   fitted  to  throw   light  upon  the   subject. 
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Among  all  the  articles  that  I  have  read  that  by  President  Eliot  in  the 
Forum,  seems  to  me  the  best.  It  is  almost  superfluous  to  say  that  it 
is  clear  and  logical.  There  is  only  one  point,  perhaps,  in  which  it  is  a 
little  defective.  The  diagnosis  is  admirable  but  the  remedy  is  hardly 
outlined.  He  says  that  the  reason  that  our  city  governments  have 
been  failures,  as  a  general  rule,  is  that  the  charters  have  been  founded 
on  the  old  order  of  things,  on  the  old  town  form  of  government,  and 
that  we  have  outgrown  that  kind  of  thing  entirely.  He  goes  on  and 
analyzes  the  different  departments,  and  shows  that  now  the  great  de- 
partments, such  as  sewers,  streets,  water,  the  lighting,  have  grown 
to  be  of  such  importance,  that  it  is  requisite  that  they  should  be 
brought  under  the  charge  of  men  trained  in  these  particular  special- 
ties. I  do  not  know  that  I  can  do  better  than  to  quote  some  of  his  own 
words  on  this  very  subject.     He  says: 

"It  is  observable  that  the  failures  of  the  Democratic  form  of  gov- 
ernment have  occurred  chiefly  in  those  matters  of  municipal  adminis- 
tration which  present  many  novelties  and  belong  to  the  domain  of  ap- 
plied science:  Such  as  the  levying  of  taxes,  the  management  of  wa- 
ter supplies  and  drainage  systems,  the  paving,  lighting  and  cleaning 
of  highways.  All  these  matters  require  for  their  comprehension  and 
proper  management  a  high  degree  of  scientific  training,  and  all  of  these 
require  the  continuous  execution  through  many  years  of  far-reaching 
plans." 

Now  it  seems  to  me  if  President  Eliot  had  had  twenty  or  thirty 
years  experience  in  citjT  government  he  could  not  have  stated  the  case 
better.  The  patchwork  system  that  our  cities  have  been  subjected  to 
is  one  principal  cause  of  failure;  and  that  comes  largely  from  lack  of 
system  in  the  tenure  of  office,  insecurity  of  position,  and  its  attendant 
evils.  Particularly  is  this  true  in  the  administrative  part  of  the  work. 
Under  the  present  system  one  man  no  sooner  gets  fairly  trained  to  the 
needs  of  a  department  than  he  goes  out  of  office.  Another  man  then 
comes  in  with  a  lot  of  new  ideas  which  are  generally  modified  by  ex- 
perience. That  is  the  way  most  of  our  governments  have  been  hand- 
led.    President  Eliot  goes  on  to  say: 

"I  need  not  say  that  these  departments  can  be  successfully  man- 
aged only  by  men  who  have  received  an  elaborate  training  and  who 
have  labored  continuously  for  years  in  one  field.  In  the  great  Europ- 
ean capitals  these  departments  of  municipal  service  are  admirably 
managed  by  men  trained  in  schools  long  famous,  expressly  for  the  plan- 
ning and  direction  of  such  public  works,  and  kept  in  service,  like  officers 
of  the  army  and  navy,  during  good  behavior  and  efficiency." 

Perhaps  that  accounts  largely  for  the  difference,  at  any  rate  in  the 
outward  aspect  of  things,  in  some  of  the  European  capitals  and  our 
own  in  regard  to  the  conduct  of  some  parts  of  the  work.      Mr.    Eliot 
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thinks  that  tenure  of  office  will  not  be  more  secure  until  the  Mayor 
has  a  longer  term,  and  that  the  heads  of  departments  should  be  safe 
from  arbitrary  dismissals. 

I  think  every  one  must  have  felt,  in  hearing  these  papers  to-night, 
that  there  has  been  a  great  difference,  looking  at  it  broadly,  in  the 
method  of  administration.  In  the  one  case  we  have  a  complex  sj'stem 
with  a  series  of  little  details  lacking  in  breadth  and  comprehensiveness; 
and  in  the  St.  Louis  case  as  it  seems  to  me  we  have  a  scientific  plan. 
It  is  a  great  deal  like  a  fine  work  of  art,  the  better  it  is  the  simpler  it 
is.  The  details  have  been  subordinated,  and  everything  is  under  con- 
trol of  men  selected  for  their  ability  to  accomplish  the  work. 

Then  I  wish  to  call  attention  especially  to  the  great  strength  of  this 
board  of  experts,  consulting  together  on  matters  of  importance.  Any 
head  of  a  department  can  at  any  time  call  for  the  united  judgment  of 
the  whole  board,  and  that  gives  a  great  deal  of  strength  to  the  admin- 
istration of  an  ordinance  or  a  law,  or  the  planning  of  a  work — that  the 
united  judgment  of  all  these  experts  in  the  different  departments  has 
been  called  upon,  that  it  seems  to  me  must  have  a  great  deal  of  influ- 
ence in  the  community. 

Mr.  H.  H.  Carter: — I  should  like  to  get  from  Mr.  Moore  a  little 
more  information  as  to  the  way  in  which  the  different  commissioners 
carry  out  their  work.  For  instance,  this  board  of  public  works,  which 
is  composed  of  a  president  and  five  commissioners,  among  whom  we 
find  the  street  commissioner,  has  a  very  large  amount  of  work  to  do. 
Now  I  should  like  to  know  from  Mr.  Moore  whether,  for  instance,  the 
street  commissioner  has  a  permanent  force  of  day  laborers  who  attend 
to  the  ordinary  repairs  of  streets,  and  a  pei'manent  force  of  sewer  la- 
borers who  attend  to  the  cleaning  out  and  the  ordinary  construction 
of  sewers,  small  sewers  and  man-holes;  or  whether  this  board  has  so 
arranged  its  work  that  all  of  the  work  is  done  by  contract  and  the 
board  simply  carry  out  the  execution  of  the  whole  work.  In  other 
words,  whether  in  St.  Louis  everything  is  done  by  contract,  or  have 
they  a  number  of  day  laborers  who  attend  to  a  certain  amount  of  rout- 
ine work? 

Mr.  Moore: — In  answer  to  that  I  would  say  that  everything  that  can 
be  definitely  specified  and  measured  is  done  by  contract.  The  paved 
streets  are  swept  by  contract.  The  removal  of  garbage  is  done  by  con- 
tract. The  streets  and  alleys  as  well  as  sewers  and  man-holes  are  all 
repaired  by  contract.  In  fact,  almost  the  only  thing  which  the  city 
does  by  day  labor  is  the  cleaning  of  the  macadam  streets,  the  extent  of 
which  is  so  uncertain  that  it  cannot  easily  be  specified,  But  wherever 
it  is  possible  in  the  nature  of  things  to  definitely  describe  and  specify 
the  work  so  that  its  amount  can  be  ascertained  and  measured,  it  is  done 
by  contract;  and  there  is  entire  unanimity   of  opinion  that  this  is  the 
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best  way  to  get  satisfactory  results  whether  in  point  of  economy  or 
of  excellence  of  work. 

Mr.  L.  F.  Eice: — I  should  like  to  ask  Mr.  Moore  if  the  old  sy stein, 
the  system  which  was  in  vog'ue  twenty  years  ago  when  I  was  some- 
what acquainted  with  St.  Louis,  still  continues.  That  is,  the  manner 
of  paying  for  public  work.  At  that  time  a  contractor  for  a  sewer,  for  in- 
stance, would  receive  his  pay  in  vouchers  in  some  form — I  do  not  re- 
member the  precise  title  that  was  given  them — by  which  he  collected 
the  payment  for  the  sewer  from  the  abuttors  on  that  sewer,  and  not 
directly  from  the  city  treasury.  I  would  like  to  inquire  whether  that 
method  is  still  in  vogue  or  what  has  been  substituted  for  it. 

Mr.  Moore: — Yes,  sir;  it  is  still  in  vogue.  The  sewer  system  aside 
from  the  strictly  private  sewers,  is  divided  into  two  classes;  the  class 
of  "public  sewers,"  which  embraces  the  main  trunks  or  drainage  chan- 
nels, and  the  class  of  "district  sewers,"  which  are  built  for  the  drain- 
age of  particular  districts.  The  public  sewers  are  paid  for  out  of  the 
general  revenue,  but  the  cost  of  the  district  sewers  is  borne  by  the 
property  drained,  and  is  assessed  upon  each  lot  in  the  district  in  the 
proportion  that  its  area  bears  to  the  area  of  the  whole  district.  At  the 
conclusion  of  the  contract  the  cost  is  ascertained  by  the  sewer  com- 
missioner, and  then  subdivided  o%rer  this  area  by  the  special  tax  de- 
partment, which,  as  I  stated,  is  under  the  charge  of  the  president  of 
the  board.  These  bills  of  special  assessment,  which  are  a  lien  upon  the 
property  and  draw  a  high  rate  of  interest  after  presentation,  are  given 
to  the  contractor  and  he  collects  them.  If  the  parties  do  not  pay  he 
sues  them,  and  the  courts  have  uniformly  sustained  the  bills.  They 
are  most  admirable  security  for  the  borrowing"  of  money,  so  that  there 
has  been  no  difficulty  in  finding  contractors  who,  on  the  strength  of 
such  payment  as  this,  will  undertake  work  involving-  several  hundred 
thousand  dollars,  for  not  a  cents  worth  of  which  did  they  get  any  pay 
until  the  whole  work  was  completed,  and  then  onty  in  these  bills  of 
special  assessment. 

I  would  say  also  that  this  same  system  holds  in  the  original  con- 
struction of  streets,  except  the  grading.  The  grading-  and  the  prepara- 
tion of  the  earth  bed  upon  which  the  pavement  rests  is  done  by  the 
city  out  of  the  general  revenues.  After  that  the  cost  of  the  pavement 
itself,  the  macadam  or  granite  or  wood  or  whatever  it  may  be,  is  paid 
by  special  assessment,  which,  however,  is  levied  in  proportion  to  the 
front  foot  bordering  upon  the  street,  and  not  upon  the  area  as  in  the 
case  of  the  sewers. 

Mr.  Henry  Manley:— I  would  like  to  ask  Mr.  Moore  if  the  works  to 
which  he  referred  as  having  been  done  by  the  city  in  such  an  admir- 
able manner,  the  work  in  the  alleys  and  the  work  upon  the  elevated 
railroad,  were  done  by  the  city  by  contract  or  day  labor? 
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Mr.  Moore: — The  re-paving  of  alleys  is  done  by  contract.  The  mov- 
ing of  water  pipe  referred  to  was  done  by  the  "street  service"  force, 
of  the  department,  the  special  duties  of  which  are  to  repair  breaks  in 
pipes,  and  see  to  the  condition  of  fire  plugs,  etc.  This  foi'ce  is  composed 
almost  wholly  of  men  who  have  been  long  in  the  employ  of  the  depart- 
ment and  have  become  expert  in  the  work.  They  may  be  treated  as  a 
body  of  skilled  laborers.  They  are  not  common  laborers  picked  off  the 
streets,  but  are  a  permanent  force  of  skilled  men  entirely  under  the 
control  of  the  water  commissioner. 

Mr.  F.  "W.  Hodgdon: — I  would  like  to  ask  Mr.  Moore  this  question. 
You  said  your  work  was  clone  almost  entirely  by  contract.  Do  you 
mean  that  you  make  special  contracts  for  each  individual  item  of  re- 
pairs, or  do  you  have  a  general  contract,  under  which  if  a  place  gives 
out  in  a  street  or  sewer,  you  send  the  contractor  there  and  pay  him  an 
agreed  price  for  the  amount  of  work  he  does,  by  the  cubic  yard,  or 
otherwise? 

Mr.  Moore: — The  system  is  this,  again  illustrating  by  the  case  of 
the  sewers.  At  the  beginning  of  each  year  what  is  called  the  '"annual 
repair  contract"  is  let.  The  amount  of  the  repairs  for  the  ensuing 
year  are  estimated  as  well  as  they  can  be,  as  a  basis  simply  of  com- 
parison of  bids.  Bids  are  then  solicited  for  repairs  of  sewers  wherever 
they  may  occur;  so  much  for  brick  work,  so  much  for  pipe  of  this  class 
and  that  class,  for  inlets  and  for  excavations,  all  itemized.  After  this 
contract  is  awarded,  if  any  break  of  any  kind  occurs  in  the  sewers,  the 
repair  contractor  is  notified  to  go  there  and  fix  it,  which  he  does  under 
the  directions  and  under  the  inspectors  of  the  sewer  department,  and 
when  he  gets  through  his  bills  are  figured  up  on  the  basis  of  his  annu- 
al contract.  The  repairs  of  sidewalks  and  of  alley  paving  are  done  in 
the  same  way,  under  an  annual  contract  at  certain  prices  which  are 
fixed  by  competition.  At  the  outset  I  was  somewhat  sceptical  as  to 
how  this  method  would  work,  but  after  experience  with  its  operation 
I  found  that  it  worked  well  in  all  respects,  and  that  there  was  no  diffi- 
culty in  getting  the  Avork  done  promptly  and  well. 

Mr  Sidney  Smith:— I  should  like  to  ask  Mr.  Moore  if,  in  the  crea- 
tion of  the  municipal  engineering-  council,  the  president  of  which  is 
elected  by  the  people  and  the  other  five  commisioners  appointed  by  the 
Mayor,  the  charter  provides  that  any  special  professional  qualifica- 
tions shall  per  tarn  to  the  candidates.  I  see  that  they  have  had  sever- 
al of  those  boards.  The  first  one  had  five  gentlemen  appointed  who 
had  received  an  engineering  training,  and  it  was  a  question  in  my 
mind  whether  the  subsequent  boards  had  continued  in  the  same  line  or 
whether  the  charter  required  them  to  continue  in  the  same  line. 

Mr.  Moore: — The  charter  does  not  require  that  any  of  them  shall 
be  engineers,  except  in  the  case  of  the  water  commissioner.     The  ord- 
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inance  organizing  the  sewer  department,  passed  in  pursuance  of  the 
charter,  also  requires  that  the  sewer  commissioner  shall  be  an  engineer. 
But  with  the  exception  of  the  water  commissioner  and  the  sewer  com- 
missioner there  is  no  requirement  of  this  kind.  The  practice,  in  the 
matter  of  the  president  of  the  board,  has  been  to  elect  only  a  civil  en- 
gineer. Col.  Flad  was  elected  for  as  long  as  he  would  serve,  and  he 
resigned  only  when  the  work  became  too  onerous  and  he  could  stand  it 
no  longer.  I  think  the  general  sentiment  in  the  city  is  that  no  man  is 
fit  to  occupy  that  place  unless  he  is  an  engineer,  although  that  is  not 
required  in  the  city  charter. 

Mr.  H.  A.  Carson: — I  would  like  to  ask  Mr.  Moore  how  it  is  that 
the  nomination  of  the  president  of  this  board  of  public  improvements 
is  made.     What  is  the  manner  of  nominating? 

Mr.  Moore: — He  is  nominated  by  the  usual  nominating  machinery, 
which  does  not  always  produce  the  best  results.  But,  fortunately  for 
the  city  of  St.  Louis,  the  political  parties  are  so  evenly  divided  that  it 
is  very  risky  for  either  of  them  to  put  up  a  bad  man.  If  they  do  he  is' 
pretty  certain  to  be  snowed  under,  because  thescratcher  is  very  active 
and  puts  him  down.  I  suppose  that  if  the  city  were  differently  situat- 
ed and  the  parties  not  so  evenly  divided,  we  could  not  count  on  getting 
as  good  men.  But  in  the  case  of  Col.  Flad,  he  was  elected  almost  by 
acclamation;  that  is,  his  nomination  required  no  effort  and  no  effort 
was  needed  to  elect  him.  It  was  generally  conceded  that  he  was  the 
best  man,  and  he  was  always  put  in  by  an  overwhelming  vote,  and 
would  have  been  elected  so  long  as  he  would  consent  to  run. 

Mr.  W.  E.  McClintock: — There  is  one  point  that  has  not  been  touch- 
ed on  this  evening,  and  that  is  the  question  whether  they  have  in  St. 
Louis  the  same  class  of  people  that  we  have  here,  a  class  of  adopted 
citizens,  who  claim  the  right  of  saying  how  work  shall  be  done.  They 
certainly  object  to  contracts  in  any  form,  shape  or  manner.  The  ques- 
tion in  my  mind  is  what  is  done  with  this  class  of  people  who  object  to 
contracts  of  the  smallest  kind  and  who  really  care  little  how  much 
any  work  costs.  Do  they  in  St.  Louis  have  a  class  of  this  description 
who  want  to  break  up  the  contract  system,  and  if  so  how  you  dispose 
of  them? 

Mr.  Moore: — The  only  class  of  adopted  citizens  who  act  in  any  or- 
ganized or  united  way,  is  the  Germans,  and  their  voice  has  always 
been  for  good  government.  They  are  firm  allies  of  good  government 
in  every  way.  In  regard  to  the  contract  system,  there  have  been  rath- 
er feeble  and  unsucessful  efforts  at  times  to  do  away  with  it  in  regard 
to  cleaning  the  streets,  that  is  the  sweeping  of  the  granite  and  wood- 
en paved  sti-eets,  which  are  swept  by  contract.  Occasionally  the  mun- 
icipal assembly  has  made  it  a  condition  of  the  appropriation  that  the 
streets  should  not  be  swept  by  contract.     But  it  has  never  lasted  but 
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a  few  months.  The  results  obtained  for  the  money  were  so  meagre  as 
compared  with  those  that  could  be  obtained  by  contract  that  parties 
interested  were  always  glad  enough  to  go  back  to  the  old  system  by 
which  they  got  so  much  more  for  their  money. 

Mr.  Albert  H.  Howland: — The  cities  of  New  York  and  St.  Louis 
have  been  mentioned,  and  I  notice  one  particular  in  which  their  chart- 
ers very  strongly  contrast.  In  the  case  of  St.  Louis  we  are  told  that 
the  charter  was  framed  by  its  own  citizens.  In  the  case  of  New  York 
it  is  said  that  the  Mayor  is  elected  at  general  election  and  is  remova- 
ble by  the  Governor,  also  that  the  powers  of  legislation  reserved  to 
the  city  are  very  small.  It  appears  that  the  powers  and  duties  of  its 
officers  are  very  minutely  prescribed  by  the  statutes  of  the  State.  I 
cannot  say  what  difference  in  results  has  been  due  to  these  conditions, 
but  the  contrast  is  striking  and  the  difference  is  fundamental. 

Mr.  Smith: — There  is  one  question  I  have  been  requested  to  ask  of 
Mr.  Moore,  and  that  is  whether  the  Mayor,  in  making  the  appoint- 
ments which  he  does  at  his  third  year — whether  he  appoints  the  five 
commissioners  at  that  time  or  whether  he  only  has  the  appointment  of 
some  of  them,  so  that  their  terms  should  be  alternating. 

Mr.  Moore: — He  appoints  the  whole  five  at  the  beginning  of  his 
third  year. 

Mr.  Smith: — He  is  supposed  to  have  paid  all  his  political  debts  at 
that  time,  I  presume. 

Mr.  Moore: — The  creditors  have  become  worn  out  and  gone  into 
other  business;  they  are  not  so  importunate  at  the  end  of  two  years  as 
they  would  have  been  the  day  after  election. 

Mr.  E.  P.  Adams: — It  occurs  to  me  that  one  reason  why  the  con- 
tract system  in  St.  Louis  is  so  favorably  thought  of  is  that  the  expense 
is  assessed  upon  the  abuttors  in  almost  every  case.  The  abuttors  are 
very  careful  therefore,  to  see  that  the  work  is  done  in  the  most  econ- 
omical manner,  by  contract,  which  is  well  known  to  be  the  least  ex- 
pensive for  certain  classes  of  work. 

Mr.  Moore: — I  think  that  does  have  a  great  deal  to  do  with  it. 

Mr.  E.  P.  Fisk: — There  is  one  question  that  has  not  been  touched 
upon  here.  I  should  like  to  ask  Mr.  Moore  in  regard  to  taxation  in  St. 
Louis.  There  are  so  many  special  taxes  there,  taking  them  in  the 
long  run,  does  it  amount  to  more  per  capita  than  if  the  city  did  the 
work  and  paid  for  it  itself? 

Mr.  Moore: — "Well,  that  is  difficult  to  say.  Of  course  the  amount 
of  money  spent  would  be  the  same  in  either  case  if  it  were  done  by  con- 
tract. The  advantage  is  that  if  the  property  benefited  pays  for  it, 
whenever  people  are  willing  to  pay  for  an  improvement  they  get  it. 
But  if  it  is  paid  out  of  the  general  revenue,  it  then  becomes  a  scram- 
ble as  to  who  shall  get  the  benefit  of  it.  A  man  might  want  his  street 
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paved  or  his  property  drained,  but  if  not  sucessful  in  the  scramble 
might  not  have  it  done  during  his  naturaJ  life.  "Whereas  by  the  other 
system,  whenever  he  is  willing-  to  pay  he  gets  the  work,  and  if  he  does 
not  get  it,  it  is  his  own  fault. 

Mr.  Fisk: — What  is  the  rate  of  taxation  in  St.  Louis? 

Mr.  Moore: — I  believe  it  is  a  little  less  than  two  per  cent.,  with  the 
probability  that  it  will  be  reduced  the  next  time  the  rate  is  fixed.  I 
would  say  that  the  city  is  without  any  floating  debt,  that  it  has  mon- 
ey in  the  treasury  to  pay  all  its  obligations  as  they  mature,  and  is  in 
danger  of  having  a  surplus. 

Mr.  E.  W.  Howe: — Is  that  two  per  cent,  in  addition  to  the  amount 
assessed  on  the  abutters  for  public  improvements? 

Mr.  Moore: — The  two  per  cent,  is  what  is  raised  by  the  city  and  paid 
into  the  public  treasury.  The  other  assessments  are  not  paid  into  the 
public  treasury  at  all.  They  are  paid  directly  to  the  holders  of  bills  of 
special  assessment. 

Mr.  A.  F.  Noyes: — I  should  like  to  ask  you  the  question  if,  in  the 
case  of  repairs  on  pavements  or  the  re-paving  of  a  street  that  has  once 
been  paved  and  paid  for  by  the  abutters,  the  cost  of  repair  and  re-pav- 
mg  is  assessed  on  the  property  again  or  paid  out  of  the  general  fund? 

Mr.  Moore: — If  it  is  simply  a  repair,  the  maintenance  of  the  exist- 
ing pavement,  it  is  paid  out  of  the  general  revenue.  If  it  should  a- 
mount  to  l'e-construction  it  may  be  assessed  again  upon  the  property. 
For  example,  certain  streets  which  formerly  were  paved  with  macadam 
were  torn  up  and  paved  with  granite  at  the  cost  of  the  property  bene- 
fited. There  is  no  limit  to  the  number  of  times  it  can  be  assessed 
where  it  amounts  to  complete  re-construction,  and  is  not  simply  re- 
pairs in  the  ordinary  sense. 

Mr.  Howe: — How  does  the  valuation  compare  with  the  actual  val- 
ue of  property  in  St.  Louis,  the  valuation  upon  which  this  assessment 
is  made? 

Mr.  Moore: — I  am  informed  by  the  city  comptroller  that  property 
is  assessed  at  about  three  fifths  of  its  market  value. 

Mr.  A.  H.  French: — I  would  like  to  ask  Mr.  Moore  if  it  is  not  some- 
times the  case  that  a  public  improvement  is  of  such  a  character  that 
it  should  be  paid  for  partly  at  the  general  expense  and  partly  by  spec- 
ial assessment?  As  I  understood  him,  the  cost  of  public  improvements 
was  entirety  assessed  on  the  estates  benefited.  Another  point  that  oc- 
curred to  me  was  that  the  contractors,  as  I  know  them,  are  not  over- 
supplied  with  capital,  and  that  if  they  were  required  to  wait  until 
their  work  was  finished  before  getting  any  payments,  and  then  be 
obliged  to  accept  bills  on  estates,  the  work  must  cost  considerably 
more  than  it  would  otherwise  do;  and  whether  or  not  that  method  of 
paying  for  improvements  is  not  probably  costing  the  abuttors  more 
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than  it  would  if  the  expense  was  paid  first  by  the  city  and  then  assessed. 

Mr.  Moore: — I  will  say  there  is  one  important  qualification  as  to 
the  limit  of  assessment,  and  that  is  in  regard  to  the  work  done  in  street 
improvements.  As  to  these  the  charter  requires  that  the  total  assess- 
ment shall  not  exceed  twenty-five  per  cent,  of  the  assessed  valuation  of 
the  property.  If  it  does,  the  remainder  is  made  up  from  the  general  re- 
venue, for  which  the  city  makes  an  appropriation.  In  regard  to  the  oth- 
er question,  as  to  whether  the  cost  of  the  work  is  raised  by  this  method 
of  special  assessment,  I  think  it  is  a  very  natural  one.  But  as  a  mat- 
ter of  fact  the  cost  is  not  raised.  The  contractors  find  no  difficulty  in 
borrowing  money  of  banks  and  persons  who  have  money  to  lend,  to 
carry  on  their  work.  These  bills  of  special  assessment  are  considered 
a  perfectly  good  security  on  which  a  man  can  borrow  money  almost 
without  limit. 

Mr.  French: — But  he  does  not  receive  them  until  the  work  is  finished. 

Mr.  Moore: — I  know;  but  by  agreement  under  which  the  bills 
when  made  are  handed  over  to  material  men  and  other  creditors,  there 
is  practically  found  to  be  no  difficulty  in  carrying  the  work,  and  work 
paid  for  by  special  assessment  is  let  at  about  the  same  prices  as  work 
paid  for  in  cash.     There  is  very  little  difference. 

Mr.  Fitzgerald: — I  think  you  stated  in  conversation  that  in  St. 
Louis  you  have  taken  strips  of  land  on  each  side  of  the  street  under 
the  right  of  eminent  domain  and  have  disposed  of  that  land  afterwards 
by  sale  or  lease  for  the  best  interests  of  the  city.  There  has  been  a 
great  deal  of  discussion  in  Boston  recently  on  this  very  point.  I  should 
like  to  know  if  I  am  right. 

Mr.  Moore: — You  are  not  quite  right.  I  was  speaking  then  only  as 
to  the  condemnation  of  land  for  the  purposes  of  a  railroad.  In  such 
cases  where  part  of  a  lot  is  taken  the  commission  may  require  the  rail- 
road to  take  all  of  it,  or  if  the  railway  company  itself  finds  it  necessary 
to  take  so  large  a  part  that  it  amounts  to  taking  the  whole  it  can  elect 
to  take  the  whole.  In  regard  to  the  opening  of  streets,  I  do  not 
know  that  this  is  the  law.  In  opening  streets,  however,  benefits  are 
assessed  as  well  as  damages,  and  in  levying  these  special  assessments 
of  benefits  for  the  opening  of  a  street  the  commissioners  may  take  as 
wide  a  range  as  they  please;  they  may  go  one  mile  or  to  the  city  lim- 
its, if  they  see  fit. 

■  Mr.  Fitzgerald: — It  has  been  declared  constitutional  by  your  Sup- 
reme courts,  hasn't  it? 

Mr.  Moore: — I  believe  so. 

Mr.  Fisk: — Will  Mr.  Moore  please  tell  us  whether  this  two  per  cent, 
is  levied  on  real  estate  or  real  and  personal  estate? 

Mr.  Moore: — Both,  though  of  course  there,  as  elsewhere,  a  large 
part  of  the  personal  estate  escapes  taxation  altogether. 
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[Delivered  March  8th.  1892.] 
If  any  man  may  be  said  to  cause  two  blades  of  grass  to  grow  where 
only  one  grew  befox*e,  that  man  is  certainly  the  Engineer,  and,  yet  it  is 
one  of  the  anomalies  of  this  life,  perhaps  the  veritable  "Irony  of  Fate" 
of  which  we  hear  so  frequently,  that  some  other  man,  or  company  of 
men,  participates  in  the  harvest,  often  to  the  practical  exclusion  of  him 
whose  trained  intellect  and  patient  research  caused  the  increase.  I 
know  that  it  is  popular  to  say  that  the  mere  possession  of  money  is  but 
a  small  part  of  life,  and  that  our  earthly  reward  consists  in  a  conscious 
competency  to  do  original  work;  but  there  is  a  prevalent  suspicion  that 
the  Engineer  is  apt  to  look  upon  dividends,  houses,  lands,  fine  apparel 
and  equipag-e,  (so.  often  placed  on  exhibition  in  this  age,)  with  some- 
thing more  than  a  disinterested  eye,  if  it  happens  that  the  thing  which 
made  these  evidences  of  wealth  possible,  was  the  thought  of  his  own 
brain,  the  embodiment  of  all  that  was  best  of  his  mind,  perfected  by 
experience  and  right  conception;  perchance,  even  the  sacrifice  for  the 
time  of  many  pleasant  things  of  life,  among  which  may  have  been  the 
companionship  of  his  wife  and  children,  social  amenities  and  needed 
rest  and  recreation.  Do  not  misunderstand  me;  Engineers  are  not  in 
want,  their  children  are  not  begging  for  bread,  but,  of  the  Wealth  of 
the  world  directly  traceable  to  the  Engineer  as  its  producer,  a  large 
percentage  goes  to  the  professional  business  man,  and  it  is  the  concen- 
sus of  opinion  that  the  non-Engineer  is  falling  heir  to  a  constant  un- 
earned increment.  There  are  many  examples  of  so-called  Engineers 
who  have  acquired  great  wealth.  The  majority  of  such  never  spent  a 
day  in  Technical  School,  nor  a  week  in  the  serious  study  of  Science  for 
its  own  sake,  but  being  men  of  parts,  possessed  of  a  lively  imagination, 
a  glib  tongue  and  an  elastic  conscience,  they  succeed  by  mpans  of  a  de- 
liberate looting  of  educated  men.  They  steal  brains  under  pretence  of 
purchase,  as  if  a  lapidary  should  pay  a  dollar  for  a  diamond  because 
the  miner  had  not  the  means  for  cutting  it.  The  shrewd  man  of  busi- 
ness thinks  a  great  bridge  can  be  built,  or  a  cable  laid,  or  the  electric 
current  utilized  as  a  motive  power,  or  otherwise,  in  some  special  line 
and  then,  by  means  of  the  best  work  of  a  dozen  trained  men,  his  wish 
becomes  a  practical  reality — straightway  he  blossoms  into  a  great  en- 
gineer, representatives  of  the  secular  press,  (yes,  and  of  the  technical 
press  also,  for  he  advertises,)  interview  him  in  regard  to  reproducing 
the  drawings,  full  size  of  course,  of  the  apparatus  with  which  Archi- 
medes proposed  to  move  the  world :  his  income  is  computed  by  the  day*. 
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so  that  ordinary  Engineers  can  grasp  tha  terms  employed  without  re- 
sorting to  higher  mathematics,  while  the  men  who  made  this  wonder- 
ful creature  get  a  paltry  increase  in  salary,  or  another  position,  accord- 
ing as  he  has,  or  has  not,  further  use  for  them. 

If  we  concede  that  the  Engineer  is  not  a  money  maker,  per  se,  we 
ought  to  have  an  adequate  reason  therefor,  and  it  is  found  in  the  very 
nature  of  his  training:  the  boy  has  an  inherited  taste  for  mathematics 
and  things  of  precision,  and  upon  his  advent  at  school,  he  enters  a  world 
of  fascination,  his  tendencies  and  his  opportunities  unite,  as  by  chemi- 
cal affinity,  and  it  needs  but  the  spark  of  encouragement  or  emulation 
to  set  all  his  faculties  in  a  blaze.  Fortunately  (or  unfortunately)  study 
in  these  lines,  while  it  improves  and  quickens  the  perception  and  rea- 
soning powers  in  a  wonderful  degree,  it  is  only  in  that  special  channel 
— between  the  growth  he  experiences,  and  that  required  for  money 
getting,  there  is  a  continually  widening  gap.  Who  remembers  a  boy 
that  stood  high  in  arithmetic  who  could  increase  his  stock  of  marbles 
by  playing  with  the  poorest  scholar  in  the  class?  Or  of  one  at  the  head 
of  his  form  in  natural  philosophy,  who  could  not,  inside  of  two  days, 
have  his  new  six-bladed  jackknife  reduced  by  successive  swappings  to 
a  bare  handle?  The  fact  is  that  the  boy  whose  likes  are  in  the  direction 
of  those  things  necessary  to  engineering,  if  studious  and  conscientious, 
is  furnishing  the  all-around-sharp-nobody-of-a-boy  with  marbles  and 
jackknives  during  the  entire  school  course  and,  worse  yet,  he  keeps.it 
up  through  life  with  the  same  stripe  of  boys  of  larger  growth.  This 
is  not  true  of  any  other  line  of  study,  as  is  slowly  coming  to  be  under- 
stood. It  is  a  significant  fact  that  within  the  past  month,  at  a  mass 
meeting  in  Boston  called  to  consider  the  short  comings  of  our  public 
school  system,  President  Elliot  boldly  asked  for  the  elimination  of 
higher  arithmetic  from  the  Grammar  School  course  and  the  substitu- 
tion of  some  Language,  because  he  said  that  the  set  of  faculties  im- 
proved by  that  study  came  into  play  for  none  of  the  ordinary  demands 
of  successful  business  life  and  citizenship,  but  were  detrimental  there- 
to. (I  quote  from  the  newspaper  report).  Can  anyone  say  why  the  per- 
sistence in  the  work  of  intricate  mathematical  calculation  and  analy- 
sis should  start  a  man  at  a  tangent  from  a  weli-rounded,  provident 
life?  Unfortunately  no  formula  has  been  deduced  by  which  we  can 
show  why  this  is  true,  though  it  would  be  worth  more  than  all  the 
wealth  of  the  Indies  to  be  able  to  solve  the  problem  and  put  it  on  the 
board  before  you:  it  is  exceedingly  difficult  even,  to  define  the  differ- 
ence existing  between  the  faculties  which  create  and  those  which  con- 
serve wealth,  but,  we  can  conceive  it  to  be  something  like  that  which 
exists,  psychologically  speaking,  between  Perception  and  Sensation:  e. 
g.  mere  speculation  enters  largely  into  the  mixture  used  by  forehand- 
ed men  '  of  business — not  at  all  in  that  of  the  Engineer,  for  while  the 
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Engineer  is  calculating  whether  his  arch  shall  be  able  to  withstand  the 
duty  expected  of  it  and  the  ravages  of  time  for  a  century,  the  business 
man  has  made  a  guarantee  of  the  fact  on  a  commercial  basis  and  pock- 
eted his  fee. 

A  fair  statement  of  fact  would  be  something  like  this: — 

First: — The  Engineer,  beginning  with  natural  aptitude,  fostered  and 
encouraged  by  years  of  training,  and  keeping  himself  abreast  the 
times  only  by  constant  study,  research  and  experiment,  is  today  very 
generally  without  proprietary  business  interests,  being  a  man  under 
salary,  engaged  from  year  to  year. 

Secondly: — The  very  nature  of  his  work  unfits  him  for  competition 
in  money-getting,  because  he  studies  things,  while  the  avowed  busi- 
ness man  studies  men. 

With  this  statement  before  us  we  are  forced  to  conclude  that  the 
Engineer,  if  he  desires  to  amass  a  competency,  must  either  abandon 
his  profession,  as  thousands  have  done  already,  becoming  in  time 
Railway  Presidents,  Lawyers,  Statesmen,  Experts  in  Insurance,  Mana- 
gers or  men  of  Affairs  generally,  and  we  might  add,  with  credit  and 
honor  to  all  concerned,  or,  remaining  in  the  active  practice  of  his  pro- 
fession, he  must  have  a  better  show  of  success  as  a  beneficiary  in  the 
distribution  of  wealth. 

The  alternative  of  leaving  his  chosen  vocation  can  but  be  distaste- 
ful to  the  honest  and  ambitious  member  of  the  profession.  He  has 
made  his  bed,  and  if  not  "Soft  as  downy  pillows  are,"  his  rest  is  sweet 
and  wholesome.  He  notes  that  Engineers,  considered  as  educated  men 
and  g'ood  citizens,  average  very  high,  while  the  mediocrity  possible  of 
attainment  by  persistent  effort,  before  reaching  the  mean  of  some  of 
the  lines  mentioned,  is  remarkable,  not  to  say  appalling,  and  goes  far 
toward  making  him  a  fixture  where  he  is.  Again,  the  Engineer  is,  gen- 
erally speaking,  a  religious  man,  and  dealing  with  the  wonderful  for- 
ces and  resources  of  nature,  he  realizes  to  a  far  greater  extent  than 
ordinary  mankind,  the  wisdom  and  power  of  the  Almighty  Creator  of 
the  Universe,  and  sees  more  or  less  clearly,  the  possibilities  of  ad- 
vancement in  knowledge  during  the  endless  cycles  of  another  world, 
unhampered  by  the  limitations  of  this  life.  He  believes  himself  called 
to  be  an  Engineer  just  as  truly  as  the  Missionary  to  preach  the  Gospel, 
and  as  he  looks  about  him,  he  sees  the'urgent  need  of  mankind  for  the 
work  of  his  brain:  mines  are  to  be  opened,  rivers  spanned,  railways  built 
and  oceans  crossed  that  humanity  may  be  improved  and  lifted  up.  It  is 
hard  to  stay,  with  girls  to  educate  and  boys  to  send  through  college, 
but  it  is  harder  still  to  go,  with  conscience  in  the  way.  And  now  let 
us  ask  the  question,  which  if  it  be  not  asked  and  an  honest  effort  put 
forth  to  answer  it,  the  pertinence  of  this  address  is  reduced  to  imperti- 
nence:   Is  there  a  remedy?  There  seems  to  be  two  modes  of  procedure; 
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first,  exercise  the  most  rigid  economy  for,  say  the  first  twenty  years  of 
professional  life.  It  is  generally  possible  in  this  country  for  the  Engi- 
neer to  live  upon  one-half  of  his  income,  by  means  of  self  denial  and 
careful  scanning  of  cost  before  purchase.  At  the  end  of  this  period, 
just  at  a  time  when  children  are  getting  out  of  the  lower  schools  and 
their  future  is  to  be  considered,  and  when  experience  has  developed 
caution,  there  will  be,  from  the  Engineer's  standing  point,  a  very  large 
sum  of  money  available  for  investment  in  stocks  and  bonds  which  are 
known  to  be  good  dividend  payers,  or  in  an  established  business  under 
competent  management. 

The  second  thought  is:  Association  with  some  bright  and  honest 
young-  man  who  knows  nothing-  of  Engineering-  but  inherits  a  tendency 
to  trade.  Take  him  into  equal  partnership,  for  while  you  furnish  the 
brains,  he  will  market  them  at  three  times  what  you  would  probably 
secure.  If  you  make  a  valuable  invention  or  discovery,  let  him  ex- 
ploit it;  if  you  inspect  a  mine  which  in  your  opinion  is  sure  to  prove  a 
good  thing,  allow  him  to  trade  in  that  opinion  in  his  own  way  if  it  be 
an  honest  way.  You  may  be  called  to  lay  out  an  allotment  of  city 
or  suburban  property;  if  he  thinks  best  to  take  option  on  parts,  or  buy 
outright,  paying  small  amounts  down,  allow  him  to  do  so,  holding  him 
responsible  only  for  the  outcome  of  the  years  business,  not  for  individ- 
ual transactions. 

The  Engineer  has  exceptional  opportunities  for  investment: — He  is 
the  first  man  on  the  ground,  and  instead  of  being  kept  down  to  a  mere 
salary  as  now,  he  should  share  the  profits  with  the  railway  manipula- 
tor and  the  land  boomer. 
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WESTERN  SOCIETY  OF  ENGINEERS. 


288th.  Meeting,  February  3, 1892:— The  288th.  meeting  of  the  Socie- 
ty was  held  at  its  rooms,  78  La  Salle  St.,  Wednesday  evening,  February 
3,  1892,  with  over  100  members  and  visitors  present.  President  Cooley 
took  the  chair  and  called  the  meeting  to  order  at  8:15. 

The  minutes  of  the  last  meeting  were  approved  and  the  following  list 
of  newly  elected  members  presented:— L.  D.  May,  F.  C.  Williams,  Wilson 
M.  Vinyard,  Melville  Brown,  F.  A.  MacDonald,  R.  H.  Bethel,  L.  H.  Ev- 
ans, Richard  D.  Gottlieb,  Carlton  R.  Dart,  Vibe  C,  Spicer,  Wilmer  W' 
Salmon,  Jas.  S.  Robinson,  Henry  M.  Sperry,  Joseph  I.  Kelley,  Albert  W. 
Smith,  John  W.  Clark,  Geo.  M.  Walker,  Samuel  M.  Rowe,  Edwin  Duryea, 
Wm.  A.  Parker. 

The  following  applications  were  received  for  membership:  John  H. 
Burnham,  Joseph  A.  Watson.  T.  J.  Nichol  resumed  membership. 

On  the  call  for  reports  of  Standing  and  Special  Committees  the  Secre- 
tary presented  a  progress  report  from  Mr.  Richard  P.  Morgan,  Chairman 
of  the  Committee  on  the  Chicago  Railway  Problem  etc.,  in  concluding 
which  he  hoped  to  be  able  to  present  the  report  within  sixty  days. 

Mr.  Hiero  B.  Herr  appointed  has  been  to  fill  the  vacancy  in  the  Com- 
mittee on  the  Chicago  Railway  Problem  etc.,  caused  by  the  death  of  Col. 
R.  B.  Mason,  and  has  signified  his  willingness  to  act. 

The  president  announced  that  he  would  designate  as  a  committee  to 
prepare  a  suitable  memorial  on  Col.  R.  B.  Mason,  the  past  presidents  of  the 
Society,  the  senior  past  president  to  be  chairman. 

A  letter  was  read  from  Mr.  J.  Frank  Aldrich,  Commissioner  of  Public 
Works  of  Chicago,  asking  the  Society  to  appoint  a  committee  of  say  three 
engineers  from  among  the  membership  to  make  a  thorough  and  impartial 
investigation  of  the  whole  subject  of  the  Water  Tunnels  without  fear  or 
favor  to  any  one,  and  to  report  the  result  of  that  investigation  to  the  pub- 
lic etc. 

President  Cooley:  This  communication  is  a  matter  of  much  im- 
portance and  requires  some  deliberation  on  the  part  of  the  Society.  Most 
of  you  are  probably  familiar  with  the  circumstances  as  they  have  been 
discussed  in  the  press  of  the  city,  and  I  hope  that  you  will  give  the  ques- 
tion such  considera  tion  and  deliberative  judgment  as  the  importance  of 
the  subject  seems  to  require. 

Gen.  Fitz  Simons:  After  some  remarks  in  opposition  to  the  proposi- 
tion, offered  the  following  resolution: 
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Resolved,  That  the  communication  from  the  Commissioner  of  Public, 
Works  of  the  City  of  Chicago,  be  suitably  acknowledged  by  the  Secretary, 
thanking  him  for  the  confidence  he  has  in  the  Society,  but  also  stating  that 
it  is  outside  the  province  of  the  objects  of  this  Society  to  engage  in  such 
work.    Seconded. 

A  spirited  discussion  ensued  in  which  Messrs.  Randolph,  Onward 
Bates,  Kandeler,  Stickney,  Chas.  V.  Weston  supported  Gen.  Fitz  Simons' 
motion  and  Messrs.  Gottlieb,  Lundie,  E.  H.  Lee,  and  Strobel  that  of  the 
following  resolution  presented  by  Mr.  O.  Chanute. 

Whereas,  The  Western  Society  of  Engineers  has  received  a  com- 
munication from  the  Honorable  Commissioner  of  Public  Works  of  Chica- 
go asking  that  the  Society  designate  a  Committee  of  three  members  who 
shall  investigate  and  report  "concerning  the  condition  of  and  the  progress 
being  made  in  the  construction  of  our  new  Water  tunnels,'' 

Resolved,  That  the  Society  recognizes  its  responsibility  in  a  matter 
of  this  kind  and  that  it  refers  the  request  of  the  Commissioner  to  the  Board 
of  Directors,  for  such  action  as  in  its  judgment  it  may  seem  expedient, 
with  the  recommendation  however,  that  should  the  Board  conclude  to  act 
in  the  premises,  it  shall  submit  the  names  of  ten  or  more  of  the  Civil  En- 
gineers of  this  country,  whether  members  of  this  Society  or  not,  who  are 
best  fitted  to  perform  the  duties  required  by  the  Commissioner,  leaving 
him  free  to  make  his  own  selections  and  arrangements. 

Before  the  motions  were  put  to  vote  a  communication  was  received 
from  the  judges  of  election,  and  the  regular  order  of  proceedings  was  in- 
terrupted to  receive  the  following: 

"We  the  undersigned  judges  of  election,  having  performed  the  duties 
required  of  us,  report  as  follows: 

For  President,  whole  number  of  votes,  241. 

Necessary  for  a  choice,  122,  of  which:— Isham  Randolph  received  133, 
J.  P.  Wallace,  94,  R.  P.  Morgan,  14. 

(Signed)  T.  Appleton, 

J.  C.  des  Granges, 
Fremont  Hill. 

Mr.  Richard  P.  Morgan  having  declined  to  allow  his  name  to  be  used 
as  a  candidate  for  election  to  the  Presidency  of  the  Society,  the  votes  cast 
for  him  were  without  his  sanction  and  may  be  considered  as  evidences  of 
personal  regard  only. 

Mr.  Cooley: — I  have  the  pleasure  of  announcing  that  Mr.  Isham 
Randolph  has  been  elected  President,  of  the  Society  for  the  ensuing  year, 
and  I  will  call  Mr.  Randolph  to  the  chair.  In  leaving  the  chair  I  desire 
to  thank  the  Society  for  the  cordial  support  which  it  has  given  me  during 
my  two  terms  of  office  and  for  the  confidence  which  it  has  displayed  in  me 
under  very  trying  circumstances,  and  the  only  thing  that  I  have  to  re- 
mark in  connection  with  the  matter  is  the  assurance  that  in  some  degree 
possibly  I  may  have  been  worthy  of  that  confidence;  I  hope  that  I  have. 
Gentlemen,  I  thank  you. 

Me.  Isham  Randolph,  upon  being  introduced  as  the  new  President 
of  the  Society,  spoke  as  follows: 

Friends,  comrades,  men  of  the  Western  Society  of  Engineers, — you 
will  pardon  me  if  your  action  to-night  has  filled  me  with  a  swelling  pride 
— this  is  no  puny  emotion,  but  a  mighty  sentiment  welling  up  for  utter- 
ance. I  did  not  seek  this  honor,  I  never  turned  my  hand  to  gain  it;  I 
controlled  but  one  vote  and  that  vote  I  cast  in  this  election,  but  not  for 
myself.  This  great  Society  of  ours  has  forged  to  the  fiont  and  stands  be- 
fore the  people  of  these  United  States  as  a  power  in  our  land.     Last  spring 
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I  was  with  a  committee  of  this  Society  who  went  to  see  what  the  East  had 
done  and  were  doing  to  mitigate  and  remove  the  evils  of  grade  crossings, 
and  learti  what  advance  in  the  arts  of  construction  had  been  made  which 
we  of  the  West  knew  not  of.  In  the  very  start  I,  comparatively  unknown, 
wrote  to  the  management  of  the  Chicago  &  Grand  Trunk  Eailway,  ask- 
ing for  transportation  of  our  commission.  Had  this  request  come  from 
me  as  an  individual,  it  would  have  found  speedy  issue  in  the  waste  basket, 
but  coming  as  it  did,  with  the  sanction  of  your  commission,  the  response 
was  prompt  and  courteous,  and  the  tender  of  further  civilities  was  most 
courteous.  All  through  that  trip  we  who  made  it  had  every  opportunity 
of  seeing  the  high  esteem. in  which  this  organization  of  ours  is  held  by 
men  of  high  authority  and  of  commanding  influence.  But  to  come  near- 
er home.  A  little  more  than  a  year  ago  the  retiring  President  of  this  So- 
ciety was  summarily  removed  from  high  position  of  trust,  because  he  had 
the  backbone  to  antagonize  a  faction  in  power,  which,  after  removing, 
pursued  him  with  the  vindictive  purpose  of  humbling  the  man  who  had 
had  the  termerity  to  attempt  to  thwart  its  plans.  This  Society,  by  a  ma- 
jority of  its  voters,  avowed  its  faith  in  Mr.  Cooley's  integrity,  ability  and 
courage,  and  placed  him  at  its  head.  Such  action  by  such  men  stemmed 
the  tide  of  public  opinion  and  made  honest,  thoughtful  men  ask  questions 
and  seek  to  know  the  tiuth.  The  rest  is  history  so  modern  that  the  short- 
est memory  grasps  it  still. 

With  all  this  before  me,  is  it  any  wonder  that  I  am  proud  to  occupy 
the  chief  seat  in  your  synagogue,  even  for  a  few  brief  months?  I  am 
putting  my  armor  on  and  going  ali  untried  to  the  battle,  a  battle  which  I 
can  never  win  without  the  earnest  support  of  every  man  whose  name  is 
upon  our  muster  roll.  This  support  I  am  entitled  to,  and  I  demand  it  of 
each  and  every  one  of  you,  whether  you  voted  for  me  or  against  me.  You 
must  be  loyal,  not  to  Isham  Randolph,  but  to  the  Society  for  which  he 
stands.  Only  by  loyalty  to  your  chief  can  you  secure  the  advancement, 
the  dignity  and  honor  of  this  profession.  Friends,  I  count  you  all  as 
friends  whose  names  are  upon  our  rolls,  I  thank  you,  and  I  pledge  myself 
to  serve  you  to  the  best  of  my  poor  ability. 

Upon  request  of  Gen.  Fitz  Simons  the  two  motions  in  connection  with 
letter  of  the  Commissioner  of  Public  Works  of  Chicago  were  again  read. 

The  discussion  was  resumed  with  Mr.  Cooley  speaking  for  Mr.  Cha- 
nute's  motion  while  Gen.  Fitz  Simons'  and  Mr.  G.  W.  S.  Ferris  opposed  it. 

A  vote  was  then  taken  on  the  question  of  substituting  Mr.  Chanute's 
motion  for  that  of  Gen.  Fitz  Simons'  resulting  in  the  substitution  by  a 
vote  of  51  to  28. 

A  similiar  vote  was  recorded  on  the  adoption  of  Mr.  Chanute's  motion. 

A  letter  was  read  from  Mr.  T.  W.  Parvin,  member  of  the  Society,  of- 
fering to  describe  an  immense  smelting  works  in  Mexico,  of  which  he  was 
chief  engineer  of  construction,  at  the  March  meeting. 

The  Secretary  was  instructed  to  reply,  stating  the  Society  would  be 
glad  to  hear  from  him. 

A  written  discussion  of  the  Report  on  Bridge  Legislation  was  read  by 
Mr.  Horace  E.  Horton  in  defense  of  highway  bridge  builders,  which  at- 
tracted considerable  attention. 

Owing  to  the  lack  of  time  the  reading  of  the  paper  by  Mr.  Gottlieb  on 
the  "Behavior  of  Iron  Columns  under  High  Temperatures,"  was  postponed 
and  the  meeting  adjourned. 

John  W.  Westok,  Secretary. 
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THE  CIVIL  ENGINEERS'  CLUB  OF  CLEVELAND. 


February  9th,  1S92:— Club  met  at  8  o'  clock  P.  M.  with  President 
Gobeille  in  the  chair  and  27  members  and  3  visitors  present.  The  min- 
utes of  the  last  meeting  were  read  and  approved.  The  Executive  Board 
recommended  the  election  of  Messrs.  Sidney  R.  Badgley  and  Peter  Neff 
Jr.  as  Active  Members  and  Mr.  Edwin  L.  Thurston  as  Associate  Member. 

Mr.  Wm.  T.  Bluut  read  extracts  from  circular  N  o.  2  of  The  Executive 
Committee  of  the  General  Committee  of  Engineering  Societies  Columbian 
Exposition  giving  the  plan  of  the  work  as  far  as  at  present  laid  out.  Mr. 
Barber  moved  "that  this  Club  approve  and  ratify  the  action  of  the  Exec- 
utive Committee  as  far  as  they  have  gone  as  described  in  circular  No.  2." 
The  motion  was  seconded  and  some  discussion  followed  after  which  the 
motion  was  put  and  carried. 

The  report  of  the  committee  on  nomination  of  candidates  for  officers 
for  the  ensuing  year  was  read. 

The  Candidates  were: 

For  President:  Cady  Staley,  Walter  P.  Rice. 
For  Vice  President:  A.  H.  Porter,  F.  A.  Coburn. 
For  Secretary:  C.  S.  Howe,  C.  M.  Barber. 
For  Treasurer:  C.  P.  Leland,  J.  L.  Cully. 
For  Librarian:  E.  P.  Roberts,  C.  H.  Benjamin. 
For  1st.  Director:  J.  D.  Varney,  C.  H.  Strong. 
For  2nd.  Director:  Walter  Miller,  G.  A.  Hyde. 

Prof.  Howe  withdrew  the  name  of  Dr.  Staley,  stating  that  his  time 
would  be  so  fully  taken  up  during  the  coming  year  that  it  would  be  im- 
possible for  him  to  accept  the  office  if  elected.  Motion  was  made  and  sec- 
onded that  the  report  of  the  committee  be  accepted.  Prof.  Howe  moved 
an  amendment  that  Dr.  Staley's  name  be  stricken  from  the  list  and  that 
the  committee  be  instructed  to  fill  the  vacancy.  This  amendment  was 
seconded,  voted  upon  and  carried. 

Mr.  Barber  made  a  report  of  the  reunion  of  the  alumni  of  the  Rensse- 
laer Polytechnic  Institute  recently  held  in  this  city. 

On  motion  by  Prof.  Howe  the  chair  was  instructed  to  appoint  a  ban- 
quet committee  of  7  members  with  power  to  select  the  date  and  place,"and 
make  all  necessary  arrangements  for  the  annual  banquet. 

The  chair  stated  that  the  committee  would  be  announced  later  in 
the  evening.  Mr.  John  L.  Cully  then  read  the  paper  of  the  evening  entit- 
led; "Mining  Engineering.'' 

He  gave  an  interesting  account  of  the  work  to  be  done  in  making  sur- 
veys of  mines  from  the  time  the  engineer  arrives  on  the  ground  till  the 
last  course  is  finished,  and  the  manner  in  which  this  work  should  be  done. 
The  di  fficulties  encountered  and  the  methods  of  overcoming  them  were  f  ull  y 
described,  also  the  checks  that  are  used  in  proving  the  accuracy  of  the 
survey  and  the  methods  of  locating  the  required  lines  on  the  surface. 

The  paper  was  discussed  by  a  number  of  members  and  several  ingeni- 
ous methods  were  described  for  overcoming  many  of  the  difficulties  en- 
countered during  the  execution  of  this  kind  of  work. 

The  chair  announced  the  following  banquet  committee:  C.  P.  Leland, 
Chairman,  C.  S.  Howe,  W.  R.  Warner,  C.  M.  Barber,  E.  P.  Roberts,  C.  W. 
Wason,  W.  L.  Otis. 

On  motion  adjourned.  A.  H.  Porter,  Secretary. 
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ENGINEERS'  CLUB  OF  ST.  LOUIS. 


361st  Meeting,  March  2,  1892:— The  club  met  at  8  p.  m.  at  the  club 
rooms,  President  Johnson  in  the  chair  and  twenty-three  members  and 
two  visitors  present.  The  minutes  of  the  360th  meeting  were  read  and 
approved.  The  Executive  Committee  reported  the  doings  of  its  126th 
meeting. 

Messrs.  A.  S.  Cushman,  A.  H.  Baldwin  and  Morris  Wuerpel  were 
elected  members  of  the  club. 

Chancellor  W.  S.  Chaplin  was  proposed  for  membership. 

The  secretary  read  a  communication  from  Mr.  O.  Chanute,  inviting 
the  members  of  the  club  to  attend  and  take  part  in  the  International  Con- 
gress for  Internal  Navigation,  at  Paris,  France,  in  July. 

Mr.  J.  A.  Laird  described  the  character  of  the  cast  iron  used  in  the 
Worthington  engines  at  the  St.  Louis  water  works.  The  specifications  and 
tests  applied  were  described  and  specimens  exhibited. 

Discussion  followed  by  Messrs.  Ferguson,  Blaisdell,  Seddon,  Johnson, 
Crosby,  Laird,  Thacher,  Gaylor  and  Hermann. 

Adjourned.  Arthur  Thacher,  Secretary. 


362r>  Meeting,  March  16,  1892:— The  club  met  at  8  p.  m.  at  the  club 
rooms,  President  Johnson  in  the  chair  and  sixteen  members  and  two  vis- 
itors present.  The  minutes  of  the  361st  meeting  were  read  and  approved. 
The  Executive  Committee  reported  the  doings  of  its  127th  meeting. 

Chancellor  W.  S.  Chaplin  was  elected  a  member  of  the  club. 

Messrs.  A.  A.  Stuart,  C.  B.  White  and  T.  L.  Condron  were  proposed  for 
membership. 

Prof.  Potter  announced  that  the  Citizens'  Committee  on  the  "Preven- 
tion of  Smoke"  would  make  a  report  on  Friday  evening,  to  which  the 
members  of  the  club  were  invited, 

Mr.  Arthur  Winslow  then  presented  the  paper  of  the  evening  on  "The 
Progress  of  Mapping  in  Missouri."  The  paper  sketched  the  history  of 
map  making  and  showed  its  connection  with  the  advance  of  civilization- 
The  early  attempts  at  maps  of  North  America  were  described  and  copies 
of  these  maps  were  exhibited.  The  early  maps  were  extremely  curious, 
and  the  series  showed  not  only  the  increasing  knowledge  of  the  country, 
but  also  the  greater  ability  of  the  surveyors.  In  more  recent  times  the 
work  was  begun  by  the  United  States  Coast  Survey  in  1871  with  a  triang- 
ulation  across  the  State.  In  1882  precise  leveling  was  carried  across  the 
State.  The  Mississippi  River  Commission  had  carried  the  work  on  along 
the  river.  The  Missouri  River  Commission  had  followed  the  Missouri  Ri- 
ver. The  United  States  Geological  Survey,  from  1884  to  1889,  mapped 
about  one-third  of  the  State  in  the  central  part.  The  State  Geological 
Survey  is  at  present  engaged  in  mapping  the  State  chiefly  for  geological 
purposes.  Specimen  sheets  were  exhibited,  showing  the  nature  and  char- 
acter of  the  work.  Through  the  courtesy  of  Capt.  Palfrey  some  of  the 
original  atlases  were  shown  to  the  club. 

Discussion  followed  by  Messrs.  Johnson,  Moore,  Winslow,  Ayer,  Pot- 
ter and  Capt.  Palfrey. 

A  vote  of  thanks  was  given  to  Mr.  Winslow  and  Capt.  Palfrey, 

For  the  meeting  of  April  6th  a  paper  by  Mr.  E.  A.  Hermann  on 
"Steam  Shovels  and  Steam  Shovel  Work"  was  announced. 

Adjourned.  Arthur  Thacher,  Secretary. 
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CIVIL  ENGINEERS'  SOCIETY  OF  ST.  PAUL. 


April  4,  1892:— Regular  monthl\  meeting  held  at  8:15  P.  M.  Presi- 
dent Woodman  in  the  chair  and  thirteen  members  in  attendance.  The  li- 
brarian was  empowered  to  purchase  a  hat  rack  and  a  wash  basket.  Mr.  R. 
Davenport  read  a  paper  on  the  Red  River  of  the  North.  This  river  is  a 
ditch  in  the  prairie  meandering  on  an  average  two  miles  to  make  one, 
with  a  discharge  varying  from  250  to  20,000  cu.  ft.  per  second  at  Brecken- 
ridge  and  from  600  to  50,000  at  Pembina. 

In  1877  was  begun  the  first  work  of  improvement,  estimated  to  cost 
about  $300,000  and  intended  to  render  the  river  navigable  during  a  part  of 
the  year  for  flat  bottomed  craft,  by  dredging  and  the  removal  of  bank  ob- 
stacles from  Breckenridge  to  the  Canada  line,  a  distance  of  about  two  hun- 
dred miles.  $240,000  have  already  been  expended.  The  banks  are  subject 
to  slides  peculiar  to  the  river;  large  volumes  of  earth  having  a  tendency 
to  work  themselves  into  the  river  at  the  level  of  its  bed  in  the  form  of 
wedges  extending  horizontally  well  back  from  the  river.  The  movement 
of  these  masses  leaves  the  surface  of  the  bank  above  to  settle  undisturbed. 
The  traffic  on  the  river  wholly  local  seems  to  have  varied  with  the  preci- 
pitation. From  1879  to  1882  it  increased  from  18,000  tons  to  32,000  tons,  then 
decreased  to  1700  tons  in  1890.    Last  season  it  grew  to  12,000  tons. 

It  is  estimated  by  Major  Jones,  U.  S.  Engineer  Corps  that  a  further 
expenditure  of  $300,000  in  reservoirs  would  make  the  river  navigable  the 
year  round  excepting  in  the  frozen  season.  With  $550,000  more  in  locks, 
dams  and  canals  the  length  of  navigable  tributaries  might  be  doubled. 

C.  L.  Annan,  Secretary. 


Editors  reprinting  articles  from  this  journal  are 
reqtiested  to  credit  both  the  JOURNAL  and  the 
Society  before  which  such  articles  were  read. 
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ON  THE  POSITION  OF  THE  CENTER  OF  ALL  THE  DRY  LAND 
ON  THE  SURFACE  OF  THE  EARTH. 


By  John  N.  Stockwell,  Member  of  the  Civil  Engineers'  Club  of 

Cleveland. 


[Read  January  12,  1892.] 

The  motive  which  prompted  the  preparation  of  the  following  paper 
would  not  be  apparent  from  the  paper  itself;  and  I  have  thought  it  em- 
inently proper  to  give  a  brief  introductory  account  of  the  succession 
of  events  in  the  history  of  mankind,  which  has  rendered  such  an  inves- 
tigation either  desirable  or  useful. 

In  the  early  ages  of  the  world,  mankind  were  few  in  number,  and 
being  settled  in  the  same  locality,  they  all  possessed  similar  wants  and 
spoke  the  same  language.  But  in  process  of  time  the  affair  at  Babel 
took  place,  and  the  subsequent  dispersion  of  mankind  over  the  face  of 
the  earth  obliged  the  different  tribes  to  grow  up  under  dissimilar  phy- 
sical conditions,  which  produced  different  race  developments  and  dif- 
ferent wants. 

But  the  fundamental  wants  of  mankind  are  essentially  the  same 
the  world  over;  and  people  of  the  same  race,  while  living  under  differ- 
ent physical  conditions  would  resort  to  different  methods  to  satisfy 
their  common  desires.  Among  the  numerous  desires  of  a  people  ad- 
vancing in  civilization,  would  be  found  methods  of  measuring  time, 
and  for  fixing  the  metes  and  bounds  of  estates  and  territories,  units  of 
length  would  be  required.  And  hence  we  find  that  the  ancient  Per- 
sians denoted  the  date  of  events  by  reference  to  the  year  of  the  reign- 
ing sovereign  when  it  occurred;  and  the  Greeks  recorded  events  by  re- 
ferring them  to  the  year  of  the   particular  Olympiad  when  they  took 
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place.  For  the  measure  of  long  distances  the  Persians  employed  a 
measure  called  a  parasang;  while  the  Greeks  used  a  measure  called  a 
stadium  for  the  same  purpose.  For  shorter  distances  a  unit  of  meas- 
ure called  a  cubit  was  employed.  The  early  Romans  dated  events  by 
referring  them  to  the  year  of  the  foundation  of  their  imperial  City; 
and  gave  long  distances  in  terms  of  the  mile,  which  was  somewhat 
shorter  than  the  English  statute  mile. 

It  is  evident  that  the  date  of. any  event  cculd  be  referred  to  either 
of  the  three  systems,  Persian,  Grecian,  or  Roman,  when  the  funda- 
mental relations  between  the  systems  had  once  been  established.  But 
it  is  evident  at  a  glance  that  the  merits  of  the  systems  of  chronology 
adopted  by  the  three  nations  mentioned,  were  altogether  different. 
The  Persians  referred  events  to  the  year  of  the  reigning  king;  and  as 
these  reigns  were  of  unequal  and  uncertain  length,  it  was  often  a  mat- 
ter of  some  difficulty  to  determine  the  dates  of  their  occurrence;  but 
the  Greek  system  was  not  much  better,  although  somewhat  more 
scientific  in  its  general  nature,  because  they  designated  the  Olympiads 
by  the  names  of  the  victors  in  the  games  rather  than  by  their  number 
counted  consecutively  from  the  first.  The  Romans,  however,  by  count- 
ing the  years  consecutively  from  the  founding  of  the  City  of  Rome, 
employed  a  method  of  dating  events,  far  superior  to  those  in  use  by 
the  Persians  and  Grecians. 

In  process  of  time,  however,  when  the  course  of  events  had  brought 
the  commercial  nations  of  the  world  into  contact  with  each  other,. a 
comparison  of  the  methods  employed  by  the  different  nations  would 
very  naturally  suggest  some  modifications  and  changes  in  practice. 
In  the  early  ages  the  lapse  of  time  was  very  generally  measured  by 
means  of  the  motions  of  the  moon;  but  as  the  year  is  not  composed  of 
an  even  number  of  complete  lunations,  it  was  long  a  matter  of  some 
difficulty  to  find  a  period  of  time  which  was  an  exact  measure  of  both. 
This  was  however  accomplished  by  Meton,  a  celebrated  astronomer  of 
Greece,  about  the  year  433  B.  C. ,  who  found  that  two  hundred  and 
thirty-five  lunations  were  equal  to  nineteen  tropical  years.  This  dis- 
covery was  regarded  so  important  that  the  Athenians  had  it  inscribed 
in  letters  of  gold  upon  the  walls  of  the  temple  of  Minerva;  and  hence 
the  term  Golden  Number,  which  denotes  the  year  of  the  lunar  cycle. 
The  Roman  calender,  during  the  republic,  was  made  up  of  months 
which  were  measured  by  the  moon,  and  of  years  which  were  measured 
by  the  sun;  and  as  there  was  no  common  measure  of  these  two  quant- 
ities, the  calendar  often  fell  into  confusion;  and  so  great  was  the  in- 
convenience arising  from  this  source,  that  Julius  Cassar  when  he  be- 
came dictator,  reformed  the  Roman  calendar  by  abolishing  the  use  of 
the  moon  as  a  measurer  of  time,  and  regulated  the  3-ears  wholly  by 
the  motions  of  the  sun. 
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The  Roman  calendar  thus  formed  by  Julius  Caesar  continues  in  use, 
or  rather  forms  the  basis  of  the  calendars  in  use  in  Europe  and  Amer- 
ica at  the  present  day.  It  consists  in  giving  the  common  years  three 
hundred  and  sixty-five  days,  and  making  each  fourth  year  contain 
three  hundred  and  sixty-six  days;  so  that  the  true  length  of  the  civil 
year  would  be  three  hundred  and  sixty-five  and  one-fourth  days. 

In  the  same  way,  weights  and  measures  underwent  modifications 
and  changes;  but  in  process  of  time  the  work  of  reformation  began. 
The  Julian  calendar  was  a  real  improvement  of  the  old  Roman  calen- 
dar; but  since  his  civil  year  was  365^  days,  while  the  tropical  year  was 
11m.  12s.74  shorter,  it  is  evident  that  the  sun  would  reach  the  equinox 
about  eleven  minutes  before  the  end  of  the  civil  year.  And  since  this 
would  be  repeated  each  year,  it  would  amount  to  a  whole  day  at  the 
end  of  about  128  years.  At  the  time  of  the  reformation  of  the  calen- 
dar by  Julius  Ca?sar,  the  vernal  equinox  fell  on  the  23rd  of  March;  but 
at  the  time  of  the  ecclesiastical  council  of  Nicea  in  A.  D.  325,  it  fell  on 
March  21;  and  the  assembly  of  Christian  bishops  then  decreed  that  the 
festival  of  Easter  should  always  be  the  first  Sunday  after  the  full 
moon  which  happened  upon  or  next  after  the  21st  of  March.  Now  in 
order  that  Easter  might  always  happen  at  the  proper  time  of  the  year 
it  was  necessary  to  so  modify  the  Julian  calendar  that  the  equinox 
should  always  occur  about  the  21st  of  March;  but  this  was  not  done 
till  the  year  1582,  when  Pope  Gregory  XIII  published  a  bull,  cutting 
off  ten  days  from  the  year  1582,  and  commanding  to  reckon  the  5th  day 
of  October  as  the  15th.  And  in  order  that  the  equinox  might  always 
occur  about  the  same  time  of  the  year  it  was  further  decreed  that 
three  bissextile  years  should  be  omitted  every  four  hundred  years. 

It  was  for  the  frivolous  reason  of  making  Easter  come  at  the  right 
time,  that  the  beautiful  simplicity  of  the  Julian  mode  of  reckoning 
time  was  abolished,  and  one  less  simple  substituted  in  its  place.  It  was 
adopted  by  the  Catholic  countries  of  Europe  according  to  the  Pope's 
decree;  but  it  was  not  adopted  in  England  till  the  year  1752,  when  their 
3rd  of  September  was  reckoned  as  the  14th, — the  Julian  calendar  then 
being  erroneous  by  eleven  days.  At  present,  none  follow  the  Julian 
calendar  in  Europe,  but  the  Russians  and  the  Christians  of  the  Greek 
church,  whose  year  begins  twelve  days  later  than  ours. 

The  introduction  of  the  Gregorian  calendar  met  with  much  popular 
opposition;  and  it  must  be  conceded  that  in  this  case  the  common  sense 
of  the  people  was  more  nearly  correct  than  the  wisdom  of  the  learned. 
It  is  one  of  those  singular  cases  which  sometimes  arise  in  which  refor- 
mation is  not  improvement.  I  have  thus  dwelt  with  considerable  de- 
tail on  this  question  of  the  calendar,  because  it  is  one  of  popular  inter- 
est, and  also  one  of  the  most  important  that  has  ever  occupied  the  at- 
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tention  of  mankind;  and  I  shall  now  hurry  more  rapidly  through  the 
remainder  of  these  introductory  remarks. 

It  is  now  one  hundred  years  since  the  civilized  world  was  convulsed 
from  center  to  circumference  by  the  Great  French  Revolution.  That 
great  upheavel  liberated  the  people  of  France  from  the  most  grinding 
despotism;  and  they  passed  at  once  from  the  condition  of  abject  slav- 
ery to  that  of  entire  freedom.  This  sudden  change  in  their  political 
condition  gave  birth  to  unwarranted  license,  and  they  at  once  became 
a  nation  of  iconoclasts,  overturning  by  legislative  enactments,  the 
habits  and  customs  which  had  prevailed  in  their  country  for  centuries. 
Nothing  was  considered  as  venerable  or  sacred  in  their  estimation. 
They  became  at  once  a  great  nation  of  reformers.  They  reformed 
everything;  and  it  is  owing  to  questions  arising  from  this  universal  re- 
formation, that  has  given  rise  to  this  discussion.  They  became  pos- 
sessed of  a  mania  for  decimals.  Instruments  for  measuring  time  or 
space  were  to  be  made  with  special  reference  to  a  decimal  division. 
The  day  was  to  consist  of  ten  hours,  and  the  week  of  ten  days.  The 
hour-  was  to  consist  of  one  hundred  minutes,  and  the  minute  of  one 
hundred  seconds.  The  quadrant  of  the  circle  was  to  be  divided  into  one 
hundred  degrees,  each  degree  into  one  hundred  minutes,  and  each  min- 
ute into  one  hundred  seconds.  For  linear  measurements  the  meter  was 
to  be  the  unit,  and  its  subdivisions  were  to  be  decimal.  The  length  of 
the  meter  can  only  exist  as  a  theoretical  abstraction.  It  has  never 
been  constructed;  nor  is  it  practicable  to  construct  one.  It  is  defined 
to  be  one  ten-millionth  part  of  the  quadrant  of  the  meridian  passing 
through  Paris.  The  u  se  of  all  former  unitsof  measurement  was  form- 
ally abolished. 

Such  are  a  few  of  the  reforms  introduced  by  the  French  Republic 
about  a  century  ago.  They  may  be  well  adapted  to  the  wants  of  the 
people  of  France,  but  they  ought  not  to  be  adopted  by  other  nations 
until  assured  that  they  are  better  than  those  now  in  use. 

But  all  nations  have  reformers  and  these  reformers  are  usually 
either  pessimists  or  optimists.  To  the  former,  every  change  must  be 
for  the  better;  while  to  the  latter  every  change  would  be  for  the  worse. 
Now  we  have  in  this  country  what  is  called  the  American  Metrologi- 
cal  Society,  and  the  great  aim  of  that  Society  seems  to  be  to  induce 
Congress  to  authorize  the  adoption  of  the  French  Metric  System  of 
weights  and  measures  in  this  country.  This  Metric  Society,  as  it 
might  be  called,  has  given  rise  to  another,  which  takes  the  name  of 
Anti-Metric  Society,  the  object  of  which  is  to  discourage  legislation 
favorable  to  the  French  System. 

Before  proceeding  further  it  may  be  well  to  inquire  into  the  rela- 
tive merits  of  the  English  and  French  systems  of  linear  measure.  By 
definition  the  meter  is  the  ten  millionth  part  of  the  quadrant  of  the 
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meridian:  and  its  approximate  length  is  39.37  English  inches,  or  3.2809 
feet.  In  order  to  carry  such  a  measure  conveniently  in  ones  pocket, 
it  would  be  necessary  to  fold  it  about  twelve  times.  It  would  then  a 
little  exceed  the  length  of  the  foot  rule  when  folded  four  times.  So 
many  joints,  however,  in  such  a  measure  would  render  it  inconvenient 
for  use,  and  it  would  certainly  possess  no  advantage  over  the  English 
foot  measure.  But  one  great  advantage  claimed  for  the  meter  consists 
in  its  decimal  division.  If  that  were  any  advantage,  the  foot  rule 
might  also  be  decimally  divided;  which  would  abolish  the  denomina- 
tion of  inch  as  an  English  unit  of  linear  measure.  But  I  do  not  con- 
ceive that  the  decimal  division  of  a  scale  possesses  any  advantages 
over  a  scale  divided  into  either  twelve  or  sixteen  parts,  or  even  of  their 
multiples.  It  is  certainly  easier  to  divide  a  number  by  twelve  than  it 
is  to  multiply  the  same  number  by  its  decimal  reciprocal,  and  it  would 
also  be  vastly  easier  to  multiply  a  given  number  by  twelve  than  it- 
would  be  to  divide  by  its  decimal  reciprocal.  And  the  same  may  be  saidl 
with  regard  to  most  numbers  in  ordinary  use.  So  it  seems  to  me  that 
the  advantage  of  decimal  division  exists  more  in  fancy  than  in  fact. 

I  do  not  purpose  to  further  discuss  the  relative  merits  of  the  two 
systems  of  measures;  but  there  is  one  consideration  that  ought  not  to 
be  lost  sight  of  in  this  connection,  and  that  is  the  expense  necessary  to 
replace  our  present  system  of  measures  by  any  different  system.  Un- 
less the  proposed  system  possessed  decided  advantages  over  the  pres- 
ent system,  it  would  be  an  absolute  waste  of  many  millions  of  dollars 
to  fully  and  fairly  introduce  the  change. 

But  the  discussions  of  the  subject  have  given  rise  to  the  Anti-Metric 
Society,  and  this  Society  has  advanced  many  arguments  in  favor  of 
the  advantages  of  the  English  over  the  French  system.  Some  of  these 
arguments  seem  to  be  good,  while  others  are  far  from  convincing. 
The  antiquity  of  our  system  is  regarded  as  a  strong  point  in  its  favor, 
and  certainly  a  system  that  has  stood  the  test  of  time  ought  not  to  be 
ashamed  of  its  antecedents. 

I  cannot  but  reg'ard  the  primary  object  of  the  Anti-Metric  Society 
with  favor.  And  so  long  as  they  confined  their  arguments  to  the  real 
merits  of  the  two  systems,  I  think  the  advantage  was  on  their  side. 
But  in  some  manner,  I  hardly  know  how,  another  subject  of  interest 
.came  to  be  associated  with  it.  I  refer  of  course  to  the  investigations 
concerning  the  Great  Pyramid  of  Egypt,  which  have,  during  the  past 
few  years  been  a  subject  of  discussion  throughout  the  scientific  world. 

It  is  claimed  by  pyramid  students  that  the  Great  Pyramid  was  con- 
structed by  measures  essentially  identical  with  our  present  English 
system;  and  if  that  claim  is  correct,  it  certainly  gives  a  hoary  antiquity 
to  our  system  of  measures.  And  this  identity  might  well  be  used  as 
an  argument  in  favor  of  its  continued  use. 
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But  it  is  also  claimed  that  the  pyramid  itself  was  planned  and  con- 
structed under  the  special  guidance  of  Divine  inspiration.  I  can  hard- 
ly indorse  such  a  claim,  as  I  am  not  willing  to  believe  that  the  Creator 
would  identify  himself  with  a  work  that  could  easily  be  accomplished 
byjmere  human  agencies.  However,  these  are  mere  opinions,  and  are 
not  advanced  as  arguments.  Pyramid  students  also  claim  that  it  is  so 
located  as  to  possess  important  advantages  over  all  other  points  of  the 
earth's  surface.  Now  when  claims  of  a  physical  nature  are  so  specific 
that  they  can  be  tested  by  scientific  methods,  it  is  easy  to  decide 
whether  they  belong  to  the  domain  of  fact  or  of  fancy. 

One  of  the  claims  of  a  physical  nature  concerning  the  location  of 
the  Great  Pyramid,  is,  that  it  is  situated  in  the  center  of  all  the  dry 
land  on  the  earth's  surface,  and  this  claim  has  led  to  the  inquiry  as  to 
the  position  of  that  center,  which  is  given  as  the  title  of  this  paper. 

I  may  also  remark  in  this  connection  that  we  have  societies  for  the 
unification  of  weights  and  measures  societies  for  the  unification  of 
time  and  longitude,  as  well  as  societies  for  the  removal  of  other  real 
oivfancied  grievances.  The  objects  of  all  these  societies  may  be  good 
and  benevolent;  but  so  long  as  different  nations  will  persist  in  speaking 
different  languages  I  can  see  no  good  reason  why  they  should  not  con- 
tinue the  use  of  different  systems  of  weights  and  measures,  different 
prime  meridians  and  different  measures  of  time,  if  they  choose  to  do 
so.  The  measure  of  rny  philanthropy  does  not  reach  so  far  as  to  en- 
courage change  in  the  habits  and  usages  of  nations  unless  they  are  ac- 
companied by  positive  advantages. 

It  is  now  nearly  thirty  years  since  a  great  impetus  was  given  to  the 
study  of  the  history  and  object  of  the  construction  of  the  Great  Pyra- 
mid of  Egypt,  by  the  publication  of  a  work  by  Mr.  John  Taylor,  entit- 
led "The  Great  Pyramid;  why  was  it  built?  and  who  built  it?"  In  that 
work  the  author  advocates  the  startling"  theory  that  the  Great  Pyra- 
mid was  planned  and  constructed  under  the  direct  influence  of  Divine 
Inspiration;  and  that  the  most  profound  principles  and  truths  of  math- 
ematical and  astronomical  science  are  also  embodied  in  its  construction. 
Later  Pyramid  students  not  only  indorse  the  theory  advocated  by  Mr. 
Taylor,  but  also  claimed  that  all  knowledge  that  can  be  useful  to  man, 
both  historical  and  scientific,  embracing  all  time,  both  past  and 
future,  are  in  some  way  ineffaceably  impressed  upon  its  walls. 

It  is  not  the  object  of  this  essay  to  call  in  question  any  of  these 
claims  of  the  students  of  the  Great  Pyramid,  but  there  are  some  other 
claims,  especially  in  regard  to  its  location  and  relation  to  the  external 
world  that  stand  out  in  bolder  outline  and  are  susceptible  of  more  di- 
rect investigation,  and  which  can  be  so  presented  to  the  mind  of  the 
inquirer  as  to  leave  no  uncertainty  as  to  the  correctness  of  his  conclu- 
sions, that  I  desire  to  call  special  attention  at  this  time.  Nor  do  I  wish 
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to  discuss  any  pyramid  problems  except  in  a  spirit  of  friendly  criticism, 
believing  that  the  cause  of  truth  will  be  advanced  by  relieving  the 
theory  of  whatever  views  are  merely  fanciful  and  extravagant.  I  shall 
therefore  restrict  this  discussion  to  the  three  following  propositions: — 

First.  The  parallel  of  latitude  on  which  the  Great  Pyramid  stands 
has  a  greater  extent  of  land  than  any  other  parallel  of  latitude  on  the 
face  of  the  earth. 

Second.  The  meridian  passing  through  the  Great  Pyramid  has 
more  land  than  any  other  meridian;  and 

Third.  The  Great  Pyramid  is  at  the  center  of  all  the  dry  land  on 
the  earth's  surface. 

In  regard  to  these  propositions  Prof .  Piazzi  Smyth  says: — "For  pro- 
ceeding along  the  globe  due  north  and  due  south  of  the  Great  Pyra- 
mid, it  has  been  found  by  a  good  physical  geographer  as  well  as  engi- 
neer, Mr.  William  Petrie,  that  there  is  more  earth  and  less  sea  in  that 
meridian  than  in  any  other  meridian  all  the  equator  around.  Hence, 
therefore,  the  Great  Pyramid's  meridian  is  caused  to  be  as  essentially 
marked  by  nature,  in  a  g'eneral  manner,  across  the  world  from  Pole  to 
Pole,  or  rather  from  the  North  Cape  of  Norway  to  the  diamond  fields 
and  Zululand  of  South  Africa,  as  a  prime  meridian  for  all  nations  meas- 
uring their  longitude  from,  or  for  that  modern  cynosure  'the  unifica- 
tion of  longitude,' — as  it  is  more  minutely  marked  by  art  and  defined 
by  human  work  within  the  Lower  Egyptian  plain,  by  the'  pointed  build- 
ing itself  alone." 

"Again,  taking  the  distribution  of  land  and  sea  in  the  parallels  of 
latitude,  there  is  more  land-surface  in  the  Great  Pyramid's  general 
parallel  of  30°,  than  in  other  degree;  so  that  the  two  grand,  solid,  man- 
inhabited  earth-lines,  the  one,  of  most  land  in  any  Meridian  and  the 
other  of  most  land  in  any  Latitude,  cross  on  the  Great  Pyramid.  And 
finally,  on  carefully  summing  up  the  areas  of  all  the  dry  land  habitable 
by  man  all  the  wide  world  over,  the  center  of  the  whole  falls  within 
the  Great  Pyramid's  special  territory  of  Lower  Egypt."  (Our  Inheri- 
tance in  the  Great  Pyramid,    p.  89). 

Again,  W.  J.  Cockburn  Muir,  of  Melrose,  Scotland,  says,  "The  fact 
that  the  Pyramid  is  at  the  center  of  all  the  Dry  Land  is  one  of  a  cate- 
gory, the  other  two  of  which  reinforce  and  accentuate  its  immense 
significance.  On  the  meridian  through  that  center  is  the  greatest 
length  of  Dry  Land  in  Longitude  (latitude?),  and  on  the  latitude  of  that 
center  is  the  greatest  length  of  Dry  Land  in  latitude  (longitude?)."  (In- 
ternational Standard,  Sept.  1887,  p.  258). 

Now  in  regard  to  the  first  of  these  propositions  I  find  that  the  land 
of  the  thirtieth  degree  of  north  latitude  extends  through  an  arc  of  165° 
of  longitude,  while  the  land  of  the  fiftieth  degree  of  north  latitude,  ex- 
tends through  an  arc  of  222°  of  longitude.     If  we  multiply  these  num- 
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bers  by  the  cosines  of  their  respective  latitudes  we  find  that  the  arc 
of  parallel  through  the  Great  Pyramid  is  equivalent  to  142°.  9  of  a 
great  circle,  while  that  of  the  50°  parallel  amounts  to  142°.7,  so  that 
there  seems  to  be  a  slight  preponderance  in  favor  of  the  Pyramid's  par- 
allel.    The  first  proposition  is  therefore  correct. 

In  regard  to  the  secoad  proposition,  I  find  that  the  meridian  of  the 
Great  Pyramid  contains  92°  of  land  in  Europe,  Asia,  and  Africa,  and 
10°  in  North  America,  making  102°  in  all:  while  the  meridian  of  70° 
west  from  Greenwich  contains  94°  of  land  in  the  Americas  and  55°  in 
Asia,  making  149°  in  all.  There  is  therefore  nearly  fifty  per  cent,  more 
land  in  the  meridian  of  70°  west,  and  110°  east  longitude  than  there  is 
in  the  meridian  of  the  Great  Pyramid.  The  second  proposition  is  there- 
fore not  true. 

In  order  to  investigate  the  third  proposition  it  is  necessary  to  ex- 
plain what  is  meant  by  the  term  center  of  land  when  applied  to  an  ir- 
regular system  composed  of  land  and  water.  I  shall  define  it  as  that 
point  of  the  system  which  has  more  land  and  less  sea  within  a  given 
distance,  measured  on  the  surface  of  the  earth,  than  any  other  point  of 
the  system. 

For  example,  take  the  British  Islands,  containing  the  whole  of  Eng- 
land. Scotland  and  Ireland.  A  circle  having  a  radius  of  about  330  miles, 
and  with  its  center  in  the  Isle  of  Man,  would  contain  more  land  and 
less  sea  than  any  other  circle  having  the  same  radius.  The  Isle  of  Man 
is  therefore  the  center  of  the  system  of  British  Islands. 

Let  us  now  enlarge  the  circle  of  our  investigation,  and  seek  for  the 
center  of  the  land  comprised  in  the  three  grand  divisions  of  the  globe 
called  Europe,  Asia  and  Africa.  Let  us  first  make  trial  of  the  Great 
Pyramid  as  a  center  and  see  if  a  circle  with  that  point  as  a  pole,  and 
including  the  whole  of  the  land  specified,  will  also  contain  less  sea 
than  any  other  point  as  a  center.  The  distance  of  the  Great  Pyramid 
from  the  Cape  of  Good  Hope,  at  the  southern  extremity  of  Africa  is 
about  4400  miles,  while  the  distance  to  East  Cape  at  the  farther  ex- 
tremity of  Asia  cannot  be  less  than  5800  miles.  If  we  leave  out  of  con- 
sideration about  500  miles  of  the  peninsula  of  Kamtchatka,  which  can- 
not much  affect  the  result,  the  radius  of  the  circle  having  the  Pyramid 
as  a  center  which  would  include  substantially  the  whole  of  Asia,  would 
be  5300  miles.  This  circle  would  therefore  extend  about  900  miles  to 
the  southward  of  the  Cape  of  Good  Hope,  and  embrace  a  vast  tract  of 
ocean  extending  from  the  Island  of  Java  through  the  whole  extent  of 
the  Indian  and  Atlantic  oceans  and  extending  beyond  the  North  Pole 
before  it  reached  the 'Northern  Asiatic  coast.  On  the  other  hand  a  cir- 
cle having  a  radius  of  only  4400  miles,  and  just  including  the  whole  of 
Africa  would  leave  a  portion  of  Asia  many  thousands  of  miles  in  length 
and  nearly  a  thousand  miles  in  breadth,  entirety  outside.      It  is  there- 
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fore  evident  that  the   Great  Pyramid  cannot  be  very  near  the  center 
of  the  three  great  eastern  continents. 

Let  us  now  see  if  the  city  of  Damascus  is  nearer  the  center  than  the 
Great  Pyramid.  Damascus  is  north-east  of  the  Great  Pyramid  and  dis- 
tant from  it  by  about  400  miles.  It  is  therefore  about  4800  miles  dis- 
tant from  the  Cape  of  Good  Hope,  and  a  circle  of  4800  miles  radius  and 
center  at  the  city  of  Damascus  would  include  the  whole  of  Africa  and 
Europe  and  very  nearly  the  whole  of  Asia,  with  the  exception  of  the 
peninsula  of  Kamtchatka,  already  mentioned.  It  is  therefore  evident 
that  the  City  of  Damascus,  which  may  well  be  called  the  Eternal  City, 
being  the  oldest  city  in  the  world,  is  very  near  the  center  of  the  three 
great  continents  of  the  eastern  hemisphere. 

If  we  now  still  further  enlarge  our  circle  of  comparison  so  as  to  in- 
clude the  whole  of  a  hemisphere,  we  shall  find  that  if  the  pole  of  the 
hemisphere  is  at  the  Great  Pyramid,  the  land  included  in  its  great  cir- 
cle would  embrace  the  whole  of  the  continents  of  Europe,  Asia  and 
Africa,  together  with  about  one-half  of  North  America  and  one-third 
of  South  America,  omitting  all  notice  of  the  numerous  islands  that 
are  also  included.  All  the  lands  here  mentioned  are  situated  within  a 
distance  of  one-quarter  of  the  circumference  of  the  earth,  or  6218  miles 
of  the  Great  Pyramid. 

In  Black's  Atlas  of  the  World,  the  pole  of  the  hemisphere  contain- 
ing the  greatest  amount  of  land  is  placed  very  near  the  City  of  London; 
and  the  whole  of  Europe,  Asia,  Africa  and  North  America  together 
with  three-quarters  of  South  America  are  included  within  its  great 
circle.  It  is  therefore  evident  that  the  hemisphere  of  which  London  is 
the  pole  contains  several  millions  of  square  miles  of  land  surface  more 
than  the  hemisphere  whose  pole  is  at  the  Great  Pyramid. 

But  if  the  pole  in  10°  west  longitude  from  London,  and  in  latitude 
52°,  which  would  place  it  in  the  vicinity  of  Valencia,  its  great  circle 
would  leave  out  about  142,000  square  miles  of  land  surface  across  the 
peninsula  of  Siam  in  the  east,  which  would  be  included  within  the 
great  circle  whose  pole  was  at  London;  but  it  would  embrace  a  belt  of 
land  nearly  300  miles  wide  and  2000  miles  long,  across  the  South  Amer- 
ican continent,  including  an  area  of  nearly  600,000  square  miles  which 
was  outside  the  former  great  circle.  Thus  the  great  circle  whose  pole 
is  near  Valencia  would  include  458,000  square  miles  of  land  surface 
more  than  the  great  circle  whose  pole  is  at  London;  and  it  is  not  easy 
to  find  a  great  circle  which  will  contain  a  greater  amount  of  land  on 
one  side  of  it. 

We  shall  now  extend  our  circle  so  as  to  include  the  whole  of  South 
America  and  Australia.  Our  circle  will  then  include  all  the  dry  land 
on  the  face  of  the  globe  with  the  exception  of  New  Zealand  and  the 
multitude  of  nameless  small  islands  of  the  central  Pacific  Ocean.    It  is 
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•evident  by  the  inspection  of  a  terrestrial  globe,  that  the  small  circle 
which  passes  through  Cape  Byron  on  the  east  coast  of  Australia,  Cam- 
bridge Island  on  the  west  coast  of  Patagonia,  and  Cape  St.  Lucas,  at 
the  southern  limit  of  Lower  California,  will  leave  all  the  required  land 
on  one  side  of  it;  and  we  must  now  determine  the  position  of  the  pole 
of  this  small  circle. 

For  this  purpose  we  shall  assume,  in  accordance  with  the  maps  of 
the  best  geographers  that  the  latitudes  and  longitudes  of  these  places 
are  as  follows: — 

Lat.  Long. 

Cape  St.  Lucas        N.  22°  54'        W.  109°  36' 
Cambridge  Island  S.  50°  10'  W.    75°  10' 

Cape  Byron  S.  28°  36'         W.  206°  20' 

Now  the  longitude  of  the  Great  Pyrmid  is  E.  31°  10',  and  its  latitude 
is  30°  north.  Supposing  the  earth  to  be  a  sphere  with  a  radius  of 
3958.3  miles,  we  shall  easily  find 

Distance  of  Pyramid  from  Cape  Byron  is  9008  miles. 
Distance  of  Pyramid  from  Cambridge  Island  is  8475  miles. 
Distance  of  Pyramid  from  Cape  St.  Lucas  is  8564  miles. 

The  Pyramid  being  unequally  distant  from  these  places  cannot  be 
the  pole  of  the  small  circle  passing  through  them.  The  direct  solution 
of  the  problem  of  finding  the  position  of  the  pole  of  the  small  circle 
which  passes  through  the  above  places  is  very  readily  obtained;  but  it 
may  also  be  easily  solved  by  a  series  of  successive  approximations. 
And  we  have  found  the  position  of  the  pole  to  be  in  lat.  24°  27'  N.  and 
longitude  37°  52'  east.  The  distance  of  this  point  from  each  of  the 
three  given  places  is  8504  miles;  and  its  location  is  in  Arabia  about  120 
miles  to  the  westward  of  the  City  of  Medina,  near  the  eastern  coast  of 
the  Red  Sea.  The  center  of  all  the  dry  land  is  therefore  near  the  City  of 
Medina,  five  hundred  and  sixty  miles  due  south-east  of  the  Great  Pyra- 
mid. 

It  is  perhaps  unnecessary  to  further  extend  this  investigation;  but 
I  may  incidentally  remark  that  the  effect  of  including  the  Islands  of 
New  Zealand  within  our  circle,  would  be  to  carry  the  center  of  the 
whole  to  the  eastern  part  of  Arabia,  a  distance  of  about  1800  miles 
from  the  Great  Pyramid.  I  am  therefore  unable  to  agree  with  the 
Pyramid  students  in  their  claim  that  the  Great  Pyramid  is  situated  in 
the  center  of  the  land  surface  of  the  globe. 


The  preceding  investigation  was  undertaken  at  the  special  request 
of  the  late  Mr.  Charles  Latimer,  and  was  nearly  completed  at  the  time 
of  his  death.  It  was  his  earnest  desire  to  know  the  truth  in  all  things, 
regardless  of  its  effect  on  the  speculations  of  men  and  the  theories  it 
might  establish  or  overthrow.  J.  N.  S. 


THE  CENTER  OF  ALL  THE  DRY  LAND.  187 

DISCUSSION. 


Mr.  Warner: — I  would  like  to  ask  if  it  was  not  a  fact  that  the 
workingmen  thought  they  were  cheated  out  of  ten  days  pay? 

Mr.  Stockwell: — That  would  be  raised  as  an  objection  against 
making  this  change  in  the  calendar.  The  change  was  made  in  our 
present  calendar  in  all  Catholic  Countries  by  edict  of  Pope  Gregory 
13th,  in  1582,  but  this  calendar  was  not  adopted  in  England  until  1752 
when,  by  act  of  Parliament,  the  3rd  day  of  Sept.  was  called  the  14th, 
thus  moving  the  calendar  forward  eleven  days. 

Mr.  Ritchie: — Was  it  not  a  fact  that  they  had  lost  that  much  time? 

Mr.  Stockwell: — In  reality  any  change  in  the  calendar  would  not 
affect  the  wages  or  pay  of  anyone. 

Mr.  Brown: — Could  not  this  Center  be  found  by  taking  the  land  as 
laid  down  on  a  sphere,  develope  this  surface,  then  suspend  it  by  some 
point  and  note  direction  of  the  vertical  line  through  the  point  of  sus- 
pension; then  suspend  it  by  another  point  and  note  the  direction  of 
another  vertical  line  passing  through  the  point  of  suspension.  The 
intersection  of  these  lines  would  give  the  Center  of  Gravity. 

Mr.  Hermann: — Could  not  the  Center  be  found  by  coating  the  sur- 
face of  a  globe  with  tinfoil,  then  scrape  off  that  part  which  covers  the 
water  and  the  part  left  on  would  represent  the  land.  Then  immerse 
this  globe  in  water  and  the  part  coated  with  tinfoil  would  settle  to  the 
bottom  and  the  lowest  point  would  be  the  Center  of  Gravity. 

Mr.  Stockwell: — Either  of  these  methods  would  determine  the 
Center  of  Gravity  of  all  the  dry  land,  but  the  Center  of  Gravity  is  not 
the  point  that  is  wanted. 

Mr.  Barber: — I  would  like  to  ask  Mr.  Brown  how  he  would  devel- 
ope a  sphere.  All  our  text  books  state  that  the  surface  of  a  sphere 
cannot  be  developed. 

Prof.  Morley: — Whole  volumes  have  been  written  on  these  Pyr- 
amids. Prof.  Piazzi  Smyth  has  written  two  volumes  and  I  read  them 
through  thoroughly  for  the  purpose  of  finding  the  point  that  he  was 
trying  to  establish  and  I  must  say  that  I  am  still  unable  to  see  any 
point  in  them.  He  made  three  measurements  for  the  purpose  of  estab- 
lishing the  unit  of  which  the  side  of  the  Pyramid  is  a  multiple.  He 
assumed  three  numbers  and  took  the  average.  The  numbers  were  to 
each  other  as  50-100-150. 

Question: — What  particular  object  would  there  be  in  having  the 
Pyramids  located  at  the  Center? 

Prop.  Morley: — No  particular  object  only  that  it  is  the  opinion  of 
some  that  this  point  was  selected  by  some  power  greater  than  human 
and  that  it  was  selected  because  at  this  point  the  temperature  is  more 
nearly  constant  than  at  any  other  place. 
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Question: — I  would  like  to  ask  your  opinion  of  the  one  great  object 
of  the  Pyramids.  Were  they  built  simply  to  be  the  tombs  of  Egyptian 
Kings,  or  have  they  another  value? 

Prof.  Morley: — I  can  not  answer  that  question  at  all.  I  cannot 
see  any  other  reason  for  their  construction.  I  would  like  to  give  you 
a  little  idea  of  how  accurately  these  measurements  were  made.  Prof. 
Piazzi  Symth  stood  at  one  corner  of  the  Pyramid  and  had  an  Egyptian 
with  a  staff  at  another  corner.  The  plumbing  was  done  by  the  eye 
without  any  other  instruments  than  this  plumb  line,  and  Prof.  Smyth 
from  the  corner  at  which  he  stood  decided  that  the  Pyramids  were  ex- 
actly North  and  South. 

Prof.  Howe: — I  have  not  been  so  interested  in  a  discussion  since  I 
graduated  fourteen  jrears  ago.  I  had  "The  Pyramids"  as  the  subject 
of  my  oration.  I  settled  the  question  then,  but  which  way  I  cannot 
tell  now. 


MINING  ENGINEERING. 


By  John  L.  Culley,  Member,  the  CrviL  Engineers  Club  of  Cleveland. 


[Read  Febuary  9,  1892.] 

However  limited  your  education  or  experience,  the  average  individ- 
ual, if  he  has  oonfidence  in  you,  thinks  you  can  do  anything  in  engin- 
eering. This  was  quite  the  case  in  1881  when  I  was  called  upon  to  lo- 
cate a  slope  entrance  to  an  inside  coal  mine  entry.  The  inside  work- 
ings were  reached  through  a  shaft  41  feet  deep  and  through  several 
entries  whose  courses  made  as  many  right  angles.  I  had  never  been  in 
a  mine  before  and  I  may  add  I  never  was  more  scared  by  the  magni- 
tude of  an  undertaking.  The  happy  condition  of  seeing  everything  in 
surface  work  suddenly  departed  into  the  dense  darkness  that  envelop- 
ed every  thing.  It  was  impossible  to  find  a  light  100  feet  away,  and 
when  at  last  it  was  found  you  were  not  sure  that  the  cross  hair  was 
not  some  string  or  other  object  dangling  down  from  the  roof..  The  in- 
strument began  to  perspire  and  so  did  I!  Nor  did  I  know  whether  I 
was  afoot  or  horseback  when  the  survey  was  complete,  tho'  the  mine- 
boss  was  kind  enough  to  assure  me  that  I  was  not  far  from  right, 
which  afterwards  proved  to  be  correct. 

The  conditions  of  inside  and  outside  instrument  work  are  quite  dif- 
ferent, and  it  will  take  some  time  to  overcome  the  obstacles  to  inside 
work.  The  chances  are  that  the  first  time  you  ever  attempted,  in  sur- 
face work  to  find  an  object  near  at  hand  you  missed  it  and  did  not  find 
it  without  quite  an  effort.  Now  you  will  at  once  sight  an  object  2000 
feet  away.     It  is  the  same  in  mine  work  intensified,  for  everything  be- 
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ing  in  Egyptian  darkness,  you  cannot  range  along  familiar  objects  un- 
til the  one  sought  is  found. 

The  following  incident  will  illustrate  the  difficulties  sometimes  en- 
countered in  inside  instrument  work.  In  a  recent  mine  survey  exten- 
sion, the  instrument  was  set  up  ready  for  the  first  sight,  but  when  the 
engineer  tried  to  find  the  light  he  utterly  failed  to  do  so,  tho'  pursuant 
to  his  instructions  it  was  raised  and  lowered  carried  to  the  right  and 
then  to  the  left.  His  assistant  then  tried  his  hand  with  no  better  re- 
sult. At  last  one  of  the  miners  discovered  that  the  object  glass  cap 
was  on! 

With  a  little  experience  you  handle  your  instrument  with  certain- 
ty and  precision,  take  in  the  alignment,  note  your  surroundings  and 
will  be  at  home  with  your  work. 

There  are  certain  precautions  to  be  observed,  if  you  wish  all  to  go 
well  and  these  can  be  best  stated  by  a  description  of  a  working  party. 
Besides  the  engineer,  the  party  should  consist  of  a  pilot  or  foresight, 
who  goes  ahead  and  selects  the  transit  or  angle  points,  two  chaimnen, 
a  torch  bearer  to  the  instrument  and  a  back  sight,  or  six  men  all  told, 
each  provided  with  a  miners  lamp,  and  all  with  oil  enough  to  maintain 
the  lights  until  the  party  returns  to  the  surface.  The  pilot  should  be 
thoroughly  familiar  with  all  the  mine  workings  and  be  able  to  select 
instrument  points  of  vantage,  that  their  number  shall  be  the  fewest 
possible  or  the  courses  the  longest.  The  superintendent  or  mine  boss 
is  generally  selected  for  this  position.  The  hind  chainman  should  be 
an  experienced  one,  for  upon  him  depends  the  accuracy  of  the  measure- 
ment. You  should  therefore  supply  this  man  yourself.  The  torch 
bearer  first  lights  the  plumb  bob  next  the  upper  plate  until  it  is  level, 
then  the  vernier,  then  flashes  the  cross  hairs,  and  finally  tl  e  vernier 
reading.  In  setting  or  reading  the  vernier,  stand  square  to  the  ver- 
nier with  the  left  hand  on  the  upper  plate,  and  cause  the  torch  Ltarer 
to  pass  his  light  over  your  left  hand  to  a  point  slightly  above  and  to  the 
right  of  the  center  of  the  vernier.  You  will  then  be  able  to  read  it 
without  trouble.  The  setting  of  the  plates  will  be  greatly  facilitated 
if  a  small  rosette  be  put  on  the  outside  of  the  lower  plate  directly  un- 
der the  0.0  of  the  horizontal  limb.  Then  to  set  the  plate  at  0.0  pass 
your  hand  around  the  plate  until  the  rosette  is  met  and  then  bring  it 
and  the  vernier  at  once  together.  Otherwise  frequently  several  revo- 
lutions are  made  before  the  desired  position  is  obtained.  The  flash- 
ing of  the  cross  hairs  is  a  very  simple  operation  when  properly  done. 
Put  the  instrument  in  position,  find  the  light  and  nail  in  front  of  it, 
then  direct  the  torch  bearer  to  "flash"  and  he  will  pass  the  flame  of  his 
light  directly  across  the  telescope  axis  2"  in  front  of  the  object  glass, 
until  the  cross  hairs  are  in  position.  The  position  of  the  sight  nail  is 
more   clearly   defined  if  an  ordinary  surveyors   marking  pin  is  held 
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plumb  over  or  in  front  of  it.  The  sight  lamp,  nail  and  telescope  should 
always  be  in  a  straight  line.  The  angle  having  been  obtained  you  no- 
tify the  chainmen  to  measure  up  to  your  position,  you  proceed  to  the 
foresight,  the  back  sight  takes  your  position,  and  the  foresight  seeks 
a  new  point.  In  this  way  the  entire  mine  is  surveyed.  The  end  of  the 
last  three  courses  of  each  entry  are  permanently  located  in  the  roof  or 
top  of  the  entry,  by  drilling  a  hole  in  it,  into  which  a  wooden  plug  is 
tightly  driven,  and  a  nail  into  the  plug  to  indicate  the  exact  instru- 
ment point.     The  future  extension  of  the  survey  begins  at  these  points. 

Ten  years  ago  it  was  the  universal  practice  to  read  and  note  all  the 
angles  as  right  and  left — a  most  pernicious  and  deceiving  practice. 
Thus  you  observe  18°  32'R  and  just  as  you  set  down  the  figures  the 
chairman  announces  the  lengths  of  the  last  course,  or  other  informa- 
tion is  given  you  to  note.  The  next  day  you  discover  to  your  horror 
that  the  18°  32'  you  so  carefully  put  down  is  without  the  characteris- 
tic R  or  L.  The  same  is  true  with  R.  &  L.  field  book  columns,  you  are 
liable  to  note  the  angle  in  the  wrong  column.  The  only  true  way  to 
observe  and  record  angles  is  to  turn  them  all  to  the  right  from  zero, 
and  record  them  just  as  they  are  observed,  though  they  be  as  large  as 
359°  59'.  We  are  glad  to  state  that  this  latter  system  is  now  quite 
universally  used, — no  small  convenience  when  a  disputed  territory  is 
to  be  jointly  surveyed  by  engineers  representing  the  opposing  interests. 

Careful  test  needle  bearings  have  been  made  of  courses  in  and  out 
of  mine.  Their  variations  are  irreconcilable.  Often  the  same  course 
will  vary  10°.  Yet  there  are  those  who  attempt  to  make  mine  surveys 
by  the  needle,  and  are  surprised  at  the  great  departure  of  other  engin- 
eers from  their  findings, 

March  10,  1888,  I  wrote  an  article  in  the  Engineering  News  that  un- 
doubtedly had  something  to  do  with  the  general  adoption  of  right  hand 
angle  reading.  A  line  was  drawn  through  the  center  of  the  field  book 
and  the  notation  was  read  from  top  to  bottom  of  page.  It  only  remains 
to  reverse  this  order  and  read  from  bottom  to  top,  like  a  R.  R.  transit 
book,  to  render  the  notation  perfect.  Then  all  lines  from  the  main  line 
could  be  graphically  noted  R.  or  L.  just  as  they  occur,  thus; —  (see 
opposite  page.) 

On  account  of  the  grease  and  dirt  encountered,  it  is  advisable  to  take 
the  mine  notes  in  a  memorandum  book,  and  the  next  day  review  and 
copy  them  into  a  regular  field  book. 

All  mine  entries  in  this  section  are  more  or  less  crooked  and  full  of 
innumerable  angles.  In  dealing  with  this  quantity  of  lines  and  angles 
both  inside  and  outside  of  the  mine  in  a  survey  of  any  magnitude,  the 
intellect  will  invariably  flag  in  energy  before  the  entire  survey  is  com- 
pleted. Naturally  an  effort  is  made  to  avoid  as  far  as  possible  a  repeti- 
tion of  work.     There  is  no  abridging  the  inside  work,  it  must  be  sur- 
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veyed  entire,  but  we  may  the  outside  survey,  since  the  operators'and 
miners  wish  only  to  know  the  location  and  direction  of  the  most  ad- 
vanced works.  It  therefore  becomes  necessary  to  locatejbut  a  few  lines 
on  the  surface.  This  has  been  successfully  done  by  producing  the  first 
and  last  course  of  a  survey  to  intersection  and  then  calculating  the 
necessary  angles  and  distances.  This  process  requires  an  immense 
amount  of  calculating,  and  for  this  reason  gains  nothing  in  the  element 
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of  time  over  the  old  method  of  running  out  every  line  on  the  surface. 
In  fact  it  takes  more  time. 

After  a  most  careful  study,  the  following  method  has  been  adopted. 
An  accurate  map  on  a  large  scale,  generally  40  ft.  to  1  in.  is  made  of 
the  inside  survey.  All  angles  are  laid  off  by  ordinates,  those  less  than 
20°  by  tangents,  the  balance  by  sine  and  cosine  and  radius,  with  the  ra- 
dius not  less  than  10  inches.  There  is  no  known  protractor  by  which 
angles,  for  this  purpose,  can  be  successfully  platted.  An  engine  divid- 
ed paper  protractor  may  and  should  be  used  to  test  every  angle  and 
each  course  and  set  of  courses  that  run  in  one  general  direction  should 
be  repeatedly  tested  by  scale.  When  the  plat  thus  constructed  has 
been  thoroughly  tested,  certain  convenient  courses  are  selected  and 
produced  to  intersection.  The  lines  thus  produced  are  then  measured 
by  scale,  and  the  angles  of  intersection  computed  from  the  deflections 
of  the  intervening  courses,  and  tested  by  protractor. 

This  process  will  give  absolute  results  as  to  angles,  and  lengths  for 
an  entire  survey  within  the  fraction  of  a  foot.  Test  drill  holes  2000  ft. 
from  main  entrance  have  repeatedly  tested  the  accuracy  of  this  meth- 
od. I  recently  thus  ran  out  a  mine  line  over  5000  ft.  long  with  undoubt- 
ed evidence  that  the  location  was  correct. 

This  radical  departure  from  accepted  methods  of  reproduction,  be- 
sides its  superior  facility  of  execution  and  greater  certainty  of  results, 
possesses  the  great  advantage  of  a  careful  review,  by  plat,  of  the  in- 
side survey,  the  checking  out  of  all  chances  of  error  there-from,  and 
the  accurate  determination  of  surface  lines.  It  also  avoids  a  monot- 
onous repetition  of  lines  and  angles,  for  the  surface  work,  being  as 
simple  as  possible,  presents  a  pleasing  contrast  to  the  tiresome  multi- 
plication of  inside  angles  and  courses. 

Again  all  mine  surface  is  badly  broken  up  and  set  on  edge  and  as  by 
this  method  you  can  select  your  lines  at  will,  you  avoid  much  of  the 
tedious  up  and  down,  up  and  down!  work  of  the  old  method. 

As  so  much  depends  upon  it,  it  is  apparent  that  the  plat  should  be 
made  with  the  utmost  care  and  tested  in  every  particular  before  trust- 
ing its  conclusions.  In  a  slope  mine  there  is  no  trouble  in  transferring 
the  inside  line  to  the  surface  as  the  first  sight  inside  is  always  trans- 
ferred at  once  to  the  surface.  Not  so  in  a  shaft  mine.  Herein  the 
practice  of  mining  eDgmeers  has  been  most  reckless.  I  have  known 
the  alignment  through  a  shaft  of  more  than  200  ft.  deep  to  be  taken  off 
in  15  minutes.  Light  plumb  bobs  are  lowered,  an  average  taken  of 
their  vibration,  and  the  line  started  without  farther  preliminaries. 
These  lines  might  apparently  be  in  the  same  vertical  plane  for  their  en- 
tire length,  and  yet  be  2"  or  3"  out  of  it  due  to  air  currents  through 
the  shaft.  Rarely  does  the  distance  between  the  plumb  lines  exceed 
5  feet,  and  an  error  of  2"  on  such  a  base  would  produce  an  error  of  65 


MINING  ENGINEERING.  193 

feet  at  a  distance  of  2000  ft.  from  the  shaft.  There  is  usually  an  air 
shaft  or  some  other  second  opening  at  some  distance  from  the  shaft 
which  with  the  main  shaft  will  give  the  2  ends  of  a  base  sufficiently 
large  to  tie  the  surface  and  mine  lines  to.  Of  course,  as  a  test,  this 
base  should  be  measured  both  on  the  surface  and  in  the  mine,  and  for 
this  purpose  it  should  be  carefully  plumbed  at  each  end. 

Whenever  it  is  absolutely  necessary  to  use  the  5  ft.  shaft  base  to 
connect  inside  and  outside  lines  the  following  method  is  recommend- 
ed for  extending  the  base  at  both  top  and  bottom  of  shaft.  Place,  in 
the  direction  of  the  first  course,  a  timber  over  the  top  of  the  shaft,  5  or 
6  ft.  above  the  ground  if  possible  and  let  down  the  two  plumb  bobs 
from  one  edge  of  the  timber  at  as  great  a  distance  apart  as  possible. 
When  the  plumb  wires  are  at  rest  bring  a  tightly  drawn  fish  line  15  ft. 
long  into  the  vertical  plane  of  the  wires  and  drive  a  stake  at  a  conven- 
ient distance  from  either  wire.  Repeat  the  operation  until  the  points 
on  the  stakes  are  exactly  in  the  vertical  plane  of  the  plumb  wires. 
This  is  both  quicker  and  more  satisfactory  than  the  usual  operation  of 
setting  the  instrument  approximately  in  the  plane  of  the  wires  by 
sighting  the  nearest  wire  then  removing  it  to  see  if  other  wire  is  in 
line.  However  it  is  bad  practice  to  use  the  short  shaft  base  at  all,  nor 
should  it  be  used  except  as  a  last  resort,  or  where  the  shaft  does  not 
exceed  40  ft.  and  the  extreme  workings  do  not  exceed  2000  ft.  distance 
from  the  shaft. 

The  extra  effort  required  to  secure  a  long  base,  will  amply  reward 
you  in  more  ways  than  one. 

Band  chains  have  given  the  greatest  satisfaction  in  mine  survey- 
ing. The  one  drawback  to  their  use  is  that  the  feet  number  plates  are 
often  carried  away  in  passing  the  chain  through  the  mine  debris,  which 
could  be  overcome  by  etching  the  numbers  into  the  body  of  the  chain 
as  is  done  in  the  printed  steel  ribbons.  Roe's  aluminum  hand  chain 
has  no  equal  in  the  market.  On  account  of  the  rough  usage  and  rapid 
deterioration  from  sulphur  water  etc.,  the  printed  steel  tape  is  im- 
practicable. 

Coal  mine  work,  tho'  exceedingly  dirty  with  a  tendency  to  back- 
ache, is  to  those  who  like  it,  most  fascinating. 


DISCUSSION. 


Mr.  Culley: — This  cut  is  of  an  actual  survey  wherein  we  get  a 
base,  main  to  air  shaft  of  200  feet.  The  same  precautions  are  taken  to 
secure  the  mine  and  surface  ends  exactly  plumb  over  one  another  us- 
ing three  pound  bobs  suspended  by  fine  wire  copper. 

Mr.  Rawson: — What  method  do  you  use  to  eliminate  vibration? 

Mr.  Culley: — We  use  water-usually  taking  a  powder-can  filled  full 


43aje>  //sres/o*'  •surface*  /oc-eyrf'ofJ 
ore  '»avos'/a<?/*/'W  J/ac-A  //r70S 


^ 


are,  >sAo<^"rs  4 'i*  6e.a&-tf  6/araA  //we- s 


196  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

of  water  to  completely  immerse  the  bob.  Molasses  is  of  course  better 
but  not  always  convenient  to  have.  A  mine  always  has  a  supply  of 
cans,  and  water, — usually  too  much  of  the  latter.  Four  years  since  I 
was  called  to  Wayne  Co.  this  state  to  decide  which  of  some  half  doz- 
en different  surface  locations  was  correct.  Various  methods  were  us- 
ed to  transfer  inside  work  to  surface.  One  surveyor  used  the  magnet- 
ic needle  and  of  course  was  wild  in  results.  Most  of  the  Engineers  used 
the  five  feet  base  in  a  shaft  100  feet  deep.  It  became  apparent  at  once 
something  better  than  this  five  feet  base  must  be  used  to  secure  a 
more  reliable  result  than  any  there  on  the  ground.  Hence  the  inven- 
tion of  long1  base  lines,  and  I  secured  a  base  764  feet  long.  A  simple 
calculation  will  show  that  the  chances  of  accurate  results  against  the 
five  feet  base  are,  in  the  drawing,  40  to  1. 

Mr.  Baker: — I  do  not  see  what  checks  you  have  to  the  surface 
lines — what  tests,  that  they  are  exactly  over  the  actual  inside  lines? 

Mr.  Culley: — It's  true  there  is  material  difference  in  this  from  the 
ordinary  land  survey.  There  you  first  make  an  outline,  then  a  detailed 
survey  and  the  last  is  constantly  checked  by  the  former.  Not  so  in  a 
mine,  the  points  of  checks  are  few,  and  you  must  keep  your  eyes  wide 
open  for  them.  However  3tou  will  usually  find  some  surface  indica- 
tions. Surface  indications  of  "faults"  will  assist,  but  next  to  the  main 
and  air  shafts,  drill  holes  are  the  best  things  to  tie  to. 

Mr.  Swazey: — How  accurate  can  this  work  be  put  on  the  large  scale 
drawing?  and  how  close  results  can  you  obtain  on  the  surface?  also 
how  close  can  you  measure  with  the  protractor? 

Mr.  Culley: — In  answer  to  the  last  question  will  say  we  use  the 
protractor  only  as  a  rough  check  on  the  drawing — the  angles  of  inter- 
section are  determined  absolute  from  the  deflections  of  actual  observ- 
ed angles.  In  answer  to  your  second  I  will  say  that  thus  far  I  have 
not  yet  failed  to  strike  the  same  point  above  and  below  wherever  there 
was  any  thing  to  check  by,  as  in  the  cases  cited  in  the  paper,  of  drill 
holes  2000  to  5000  feet  distant  from  the  base.  Where  there  is  no  check 
we  must  trust  in  divine  providence  that  the  result  is  O.  K.  As  ex- 
plained, the  drawing  should  and  can  be  absolutely  correct. 

Mr.  Eisenmann :— In  answer  to  Mr.  Baker,  as  to  the  accuracy  of  re- 
production, the  mine  and  surface  survey  should  be  repeated  as  is  actu- 
ally the  case  in  a  careful  mine  survey.  This  may  be  done  at  once  or 
at  different  times.  When  thus  located  the  future  surveys  will  be  sim- 
ple extensions. 

Mr.  Palmer: — In  regard  to  illuminating  the  cross-hairs  of  a  teles- 
cope which  had  no  special  arrangements  for  this  purpose,  I  have  tried 
this  very  simple  method  which  worked  very  successfully.  A  piece  of 
stiff  white  paper  about  two  and  a  half  inches  square  bent  into  a  half 
cylinder  is  tied  on  the  end  of  the  telescope  the  same  as  a  shade  would 
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be  except  that  it  covers  only  half  the  circumference.  A  light  is  held 
just  out  of  the  line  of  sight  and  near  enough  to  give  the  requisite  il- 
lumination. The  light  is  reflected  from  the  concave  side  of  the  cylin- 
der into  the  telescope  so  there  is  no  trouble  about  seeing  the  cross- 
hairs distinctly.  As  the  full  size  of  the  object  glass  is  used  for  view- 
ing the  object  the  lightness  of  the  field  is  not  in  any  way  diminished. 

Mr.  Barber: — I  have  been  very  much  interested  in  Mr.  Culley's 
paper. 

In  regard  to  the  difficulties  encountered  in  mine  surveying  they 
surpass  those  of  any  kind  of  surveying.  In  most  of  the  coal  mines  that 
it  has  been  my  fortune  to  survey  the  roof  is  just  a  little  too  low  even 
for  a  short  man  to  stand  erect,  the  bottom  is  often  wet  and  muddy, 
the  work  usually  has  to  be  done  at  night  in  order  not  to  interfere  with 
the  hauling  of  the  coal,  the  miner's  lamps  are  usually  greasy  and  sup- 
ply a  liberal  quantity  of  smoke  as  well  as  light,  some  of  these  little 
points  do  not  add  materially  to  the  comfort  of  the  surveyor. 

In  regard  to  laying  off  the  inside  workings  on  the  surface  I  do  not 
think  it  is  a  practical  thing  to  do  except  in  some  cases  where  the  con- 
figuration of  the  surface  will  permit  and  in  most  cases  even  then  it  is 
better  to  lay  off  the  surface  and  inside  lines  on  the  same  map.  Of 
course,  where  the  surface  is  all  above  the  mine,  as  where  the  mine  is 
entered  by  a  shaft  or  slope,  all  that  is  needed  from  the  surface  is  the 
property  lines.  Where  the  mine  is  entered  from  the  side  ol  a  moun- 
tain or  hill,  as  is  the  case  very  largely  in  this  state  and  Pennsylvania, 
the  crop  lines  are  acquired  in  addition  to  the  property  lines.  I  remem- 
ber the  first  large  mine  I  surveyed.  After  surveying  35  acres  of  un- 
derground workings  the  superintendent  informed  me  that  he  would 
like  to  have  all  the  entries  laid  off  on  the  surface,  which  in  this  case 
was  impracticable,  if  not  impossible,  as  the  surface  varied  from  zero 
to  three  hundred  and  fifty  feet  above  the  mine  and  was  covered  with 
timber.  The  running  of  the  crop  and  property  lines  was  a  comparative- 
ly easy  matter  and  had  the  advantage  of  being  exactly  what  was 
wanted. 

In  regard  to  checking  a  mine  survey  in  my  very  limited  experience 
I  have  found  but  few  mines  where  long  lines  could  not  be  tied  to  drill 
holes  from  the  surface  or  some  shaft  connection,  then  too,  distant 
points  can  usually  be  reached  by  more  than  one  route  which  is  a  check 
on  the  inside(work. 

For  setting  up  a  transit  in  a  mine  I  have  used  a  very  small  plumb 
bob  suspended  over  the  instrument  from  the  roof,  which  is  very  con- 
venient, as  the  permanent  points  are  usually  placed  in  the  roof.  I 
have  found  this  also  very  convenient  in  gold  and  silver  mines  where 
the  points  can  be  most  easily  placed  overhead  on  timbers  or  even  on 
the  leaning  wall. 
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Mr.  Eisenmann: — On  the  coast  survey  we  use  the  following  method 
to  light  the  cross-hairs.  Roll  up  a  sheet  of  writing  paper  in  shape  of 
truncated  cone,  place  the  large  end  over  the  ohject  glass  then  cut  a 
circular  hole  in  the  middle  of  cone.  The  attendant  then  holds  his 
lamp  so  as  to  throw  its  light  into  the  cone  through  this  hole.  This 
simple  contrivance  worked  admh'ably  and  possessed  the  advantage  of 
giving  just  the  right  amount  of  light.  It  could  be  increased  or  de- 
creased to  any  desired  extent.  A  small  amount  of  light  is  all  that  is 
needed  to  bring  out  the  wires.  A  strong  light  is  almost  as  objectiona- 
ble as  none  at  all.     Just  to  bring  them  out  is  the  desired  quantity. 

Mr.  Howe: — All  instrument  makers  have  a  small  attachment  which 
slips  over  the  telescope  tube  and  has  a  reflecting  surface  which  throws 
the  light  into  the  tube.  This  attachment  can  be  turned  in  any  direc- 
tion so  that  the  lamp  can  be  held  on  either  side.  In  astronomical  work 
I  have  found  that  very  good  results  can  be  obtained  by  holding  the 
lamp  a  few  feet  in  front  of  the  telescope  and  a  trifle  one  side  of  the 
line  of  vision.  Enough  light  will  shine  down  the  tube  to  show  the 
cross-hairs  and  that  is  all  that  is  required.  If  one  is  doing  much  work 
of  this  kind  it  is  better  to  purchase  a  mining  transit  which  has  a  hol- 
low axis  through  which  the  light  shines  and  thus  shows  the  cross-hairs. 

Mr.  Culley: — In  my  early  experience  I  experimented  with  many  of 
these  devices,  had  special  mountings  on  instrument  &c.  &c.  There  is 
no  use  for  any  of  them  as  the  hairs  can  be  illuminated  better  by  the 
simple  method  I  have  given.  In  the  cramped  position  of  inside  work 
you  want  just  as  few  traps  and  attachments  as  possible — this  is  no 
place  to  be  fussy  in  I  can  tell  you. 

Mr.  Gobeille: — This  discussion  reminds  me  of  the  experience  of  an 
English  friend  who  wished  to  locate  a  shaft  exactly  over  a  drift  some 
2000  feet  below.  As  the  undertaking  was  an  expensive  one  he  em- 
ployed separately  three  of  the  most  reputable  mining  engineers.  Nei- 
ther one  covered  the  others  point,  all  were  wild  of  the  rest.  He  then 
employed  three  more  engineers  but  with  the  same  result  and  when  he 
had  employed  twenty  different  engineers  there  were  as  many  differ- 
ent locations.  He  then  took  a  hand  at  it.  He  averaged  up  the  sever- 
al locations  and  directed  operations  to  be  begun  at  the  center  of  them 
all  and  when  the  shaft  was  down  it  struck  the  bulls  eye  exactly. 
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introduction. 


In  submitting  this  notice  of  so  remarkable  a  man,  one  of  your  Com- 
mittee, sitting  in  the  same  room,  into  which  he  entered  as  student  of 
civil  engineering  under  Mr.  Felton  49  years  ago,  cannot  refrain  from 
writing  a  few  lines  of  personal  remembrances.  He  entered  Mr.  Felton's 
office  about  five  years  after  Mr.  Felton  had  assumed  the  office  of  Mr.  Lo- 
ammi  Baldwin,  and  had  entered  upon  the  active  duties  of  a  civil  engin- 
eer. During  a  few  years  before,  and  from  this  time  onward,  ma.ny 
young  men  began  the   study  of  engineering  with  him. 

His  terms  were  $100  tuition  per  year,  with  $2.00  per  day  of  8  hours, 
to  the  student  for  what  work  he  should  do. 

Mr.  Felton  was  himself  so  busily  engaged,  that  he  could  give  very 
little  absolute  instruction  to  his  students,  but,  which  was  no  doubt  far 
better,  he  succeeded  in  pushing  them  out  into  positions  on  public 
works,  where  they  could  acquire  a  practical  knowledge  of  the  doing 
and  making  of  things. 

Mr.  Felton  always  regarded  his  students  with  interest  and  affection 
and  followed  "his  boys",  as  he  called  them,  along  their  future  profes- 
sional courses,  when  within  his  reach.  He  was  always  glad  to  have 
them  call  upon  him,  and  usually  dismissed  them  with  a  God  bless  you, 
and  was  proud  of  them  when  they  had  done  well. 

Probably  none  of  his  students  have  reached  to  his  eminence,  or  use- 
fulness, but  Mr.  Felton's  environments  were  phenomenal.  They  are 
all  proud  of  his  abilities,  his  patriotism  and  his  gentleness. 

A  notice  of  Mr.  Felton,  written  by  Rev.  A.  P.  Peabody,  D.  D.  of 
Cambridge,  Mass,  may  be  found  in  the  "History  of  Essex  County,  Mass." 
Compiled  under  the  Supervision  of  D.  Hamilton  Hurd. 

Your  Committee  would  be  glad  to  have  the  whole  of  the  material 
which  it  has  gathered,  put  in  print,  in  an  Engineering  paper  like  our 
Journal,  as  a  stimulus  to  all  engineers  who  may  read  it,  to  imitate  so 
worthy  an  example. 

The  following  matter  has  been  received  from  those  who  were  inti- 
mately familiar  with  the  life  and  acts  of  Mr.  Felton,  and  it  is  gladly 
received  and  appropriated  by  your  committee. 

A  fine  steel  engraved  portrait,  and  a  very  good  likeness  of  Mr.  Fel- 
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ton,  received  from  his  family,  is  presented  with  this  notice.*  Mr.  Fel- 
ton  became  a  member  of  this  Society  Oct.  2nd.  1848,  and  for  many 
years  has  been  an  honorary  member  of  the  Society. 

MEMOIR. 

Samuel  Morse  Felton  was  born  at  West  Newbury,  Mass.,  17th  July 
1809.  He  was  a  descendant  of  Lieut.  Nathaniel  Felton,  who  settled  at 
Salem  in  1633,  and  married  Mary,  daughter  of  Rev.  Samuel  Skelton, 
the  first  minister  of  Salem.  His  immediate  ancestors  lived  at  Salem 
and  Marblehead  and,  for  the  most  part,  followed  the  sea.  His  father, 
Cornelius  Conway  Felton,  had  a  prosperous  business  as  a  wagon- 
builder  at  Newbury,  Mass. ,  where  he  married  Anna  Morse.  The  rascal- 
ity of  a  partner  and  the  depression  consequent  upon  the  war  of  1812, 
ruined  him  and  left  him  saddled  with  a  load  of  debt  from  which  he 
was  not  able  to  free  himself  for  many  years. 

The  early  years  of  Mr.  Felton's  life  were  thus  passed  in  great  pov- 
erty, and  his  educational  opportunities  were  very  limited.  Such  as 
they  were,  however,  he  utilized  them  to  the  utmost.  In  the  winter 
of  1815,  his  father  moved  from  West  Newbury  to  Saugus,  and  here  he 
attended  a  school  kept  by  the  Rev.  Joseph  Emerson,  paying  for  his  tu- 
ition by  his  labor.  Indeed  from  the  age  of  ten  years,  he  scarcely 
knew  an  idle  moment,  passing  his  summers  in  working  on  the  neigh- 
boring farms,  and  his  winters  in  sawing  wood,  and  doing  such  other 
labor  as  his  years  permitted  in  order  that  he  might  have  the  oppor- 
tune of  study.  At  the  age  of  14  he  entered  the  employ  of  a  whole- 
sale and  retail  grocer  in  Boston,  where  for  four  j^ears  he  filled  the  some- 
what incongruous  positions  of  errand  boy  and  chief  clerk.  During 
this  time  he  kept  in  his  desk  a  Lacroix  Arithmetic  and  a  Eulers  Alge- 
bra, to  which  he  devoted  his  spare  moments.  He  says  of  himself  that 
he  was  not  naturally  a  scholar  but  was  affected  by  the  example  of  his 
elder  brother,  afterward  president  of  Harvard.  In  1827,  this  brother 
having  graduated  at  Cambridge  with  high  honors,  was  made  principal 
of  the  Livingston  County  High  School  at  Geneseo,  N.  Y.  Here  S.  M. 
Felton,  having  resolved  that  he  too  would  obtain  a  college  education, 
followed  him  and  remained  for  two  years,  studying  and  working  as 
clerk  and  book-keeper  in  the  school.  Afterwards  to  provide  himself 
with  a  little  money  he  opened  a  private  school  at  Lyons,  New  York. 
This  proving  successful,  he  was  enabled  to  enter  Harvard  in  August 
1830.  His  entire  worldly  possessions  then  consisted  of  a  cot  bed,  a  few 
chairs,  a  table,  a  lamp,  a  quart  of  oil  and  ten  dollars  in  money.  With 
these,   in  company  with  his  friend,  Joseph  Lovering,   subsequently 

*Your  Committee  has  been  unable  to  find  the  engraved  steel  plate,  by 
Ritchie  of  New  York  and  therefore  offers  this  reproduction  as  the  best 
substitute  it  can. 
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Hollis  Professor  of  Natural  Philosophy,  he  left  Charlestown,  where 
his  father  then  lived,  and  drove  to  Cambridge  on  a  one  horse  wagon 
which  carried  all  the  property  of  the  two  young  scholars. 

Neither  his  father  nor  his  brother  was  in  a  position  to  help  him 
much,  and  he  supported  himself  by  teaching.  He  received  assistance 
also  from  President  Quincy  and  from  a  friend  of  his  father's,  a  tailor 
named  John  Bogue,  for  which,  and  still  more  for  the  kind  and  consid- 
erate manner  in  which  it  was  rendered,  he  cherished  to  the  end  of  his 
life  a  lively  sense  of  gratitude.  Of  his  college  career  he  wrote;  "The 
struggles  through  which  I  passed  for  four  years  were  many  and  vari- 
ous. Poverty,  if  it  does  not  discourage,  is  not  a  bad  companion  for  an 
ambitious  young  man,  and  though  I  would  not  choose  it  for  the  com- 
panion of  one  of  my  own  children,  yet  I  do  not  regret  the  homely  and 
useful  lessons  I  was  taught  in  early  youth  by  its  constant  contact". 
In  spite  of  its  trials  his  college  career  was  full  of  enjoyments  on  its 
social  side,  and  he  looked  back  upon  it  with  much  pleasure.  He  was 
a  member  of  the  Institute  of  1770,  the  Hasty  Pudding  Club  and  the  Phi 
Beta  Kappa  Society.  Though,  as  he  said,  he  was  no  scholar,  in  the 
sense  of  having  great  literary  abilities  he  possessed  a  considerable  tal- 
ent for  mathematics  and  graduated  in  1834,  with  high  honors,  deliver- 
ing an  English  Oration  at  commencement.  He  was  also  chosen  Orator 
of  his  class  but  declined  the  appointment.  Three  years  later  upon  tak- 
ing a  masters  degree  he  was  selected  to  deliver  the  Latin  oration. 

After  graduating,  "he  says,"  I  removed  to  Charlestown,  and  for 
two  years  taught  a  private  school  which  had  been  commenced  by  my 
friend,  Joseph  Lovering.  When  I  first  went  to  Charlestown  I  entered 
my  name  as  a  law  student  with  the  late  Judge  Da,na,  but  finding  after 
a  few  months  that  the  close  confinement  of  school  and  the  law  office 
was  having  an  unfavorable  effect  upon  my  health,  I  relinquished  the 
study  of  Law  for  the  no  less  congenial  study  of  Civil  Engineering.  I 
became  a  student  in  the  office  of  the  late  Loammi  Baldwin,  a  man  as 
distinguished  in  his  profession  as  he  was  for  every  manly  and  noble 
quality  of  heart  and  mind.  I  became  the  mathematical  teacher  of  sev- 
eral of  his  other  students  and  the  field  practice  gave  just  what  I  need- 
ed in  the  way  of  out  door  exercise.  I  soon  gave  up  my  school  and  en- 
tered actively  upon  the  practice  of  my  profession  under  the  auspices . 
of  Col.  Baldwin.  At  his  death  which  took  place  not  long  after,  I  open- 
ed an  office  on  my  own  account  in  the  same  rooms  which  had  previous- 
ly been  occupied  by  him.  Here  I  soon  obtained  an  extensive  and  lu- 
crative practice.  Many  students  entered  with  me  from  time  to  time 
for  most  of  whom  I  at  once  found  constant  employment.  Many  of 
these  young  men  have  since  made  their  mark  in  their  profession  and 
raised  to  themselves  lasting  monuments  in  the  railroads  and  public 
works  they  have  constructed.     Of  all  the  number  who  were  with  me 
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from  first  to  last  I  scarcely  remember  one  who  has  not  become  a  use- 
ful and  honored  member  of  society," 

From  another  source,  an  intermittent  diary,  the  following,  dated 
Sept.  4,  1851,  is  taken.  "I  commenced  to  practice  civil  engineering  in 
good  earnest  in  May  1837,  on  the  Boston  and  Roxbury  Mill  Dam  in  the 
famous  case  of  Horace  Gray  and  others  against  the  Boston  Water 
Power  Co.  This  was  a  long  and  tedious  case  requiring  much  accurate 
observation,  much  nice  instrumental  labor  in  levelling,  many  experi- 
ments at  the  City  mills  and  much  mathematical  calculation.  All 
these  were  gone  through  with  by  me  with  a  good  deal  of  vexation  at 
times,  but  nevertheless  a  good  share  of  patience  and  confidence  in  the 
accuracy  of  the  results.  After  the  results  were  made  known  forth- 
with they  were  denounced  as  inaccurate,  and  Professor  Treadwell, 
Professor  Pierce  and  W.  A.  Boyden  all  investigated  the  case  and  pro- 
nounced the  results  erroneous.  They  proceeded  on  the  old  established 
theory,  and  on  general  principles  and  reasoning  from  their  theory  they 
were  correct—  but| the  apparatus  used  at  the  mill  dam  was  a  peculiar 
one,  the  height  of  the  water  as  let  on  to  the  wheel  continually  vary- 
ing, and  of  course  no  theory  which  supposed  the  height  of  the  water 
to  be  constant  could  be  correct  as  applied  to  this  wheel  where  the  el- 
ement of  constant  height  was  not  known.  After  a  good  deal  of  discus- 
sion and  many  attempts  to  set  aside  the  award  of  the  commissioners 
that  award  was  confirmed  by  the  Supreme  Court  of  Massachusetts 
and  thus  my  labors  and  anxieties  in  this  case  seemed  to  be  at  an  end. 
But  the  commissioners  ordered  a  measuring  wheel  to  be  put  in  at 
Gray's  works,  and  I  was  requested,  by  Mr.  Hay  ward  one  of  the  com- 
missioners, to  take  charge  of  the  construction  of  this  wheel.  The  ap- 
paratus was  to  be  completed  on  a  certain  day  by  the  terms  of  the 
award.  The  weather  was  cold  and  stormy  and  I  found  it  exceedingly 
difficult  to  engage  a  mechanic  who  would  undertake  the  construction 
as  it  was  a  somewhat  difficult  and  complicated  matter.  After  a  long 
search,  I  at  length  engaged  Mr.  Daniel  Leman  of  Charlestown,  a  very 
skillful  mechanic,  to  undertake  the  task.  As  we  had  to  work  within 
a  coffer  dam  and  were  sometimes  almost  drowned  out  by  the  water 
coming  in  faster  than  we  could  pump  it  out,  I  thought  that  the  parties 
at  Gray's  works  often  took  a  mischievous  delight  in  opening  wide 
their  gates  and  poaring  down  the  flood  upon  us.  Several  times  we  had 
to  retreat  in  spite  of  all  our  efforts  to  keep  the  water  down.  We  per- 
severed however,  and  completed  the  apparatus  on  the  last  day  of  grace 
between  11  and  12  o'clock  at  night.  I  then  continued  for  a  long  time 
to  make  experiments  in  measuring  the  water  both  at  Gray's  works  and 
at  the  Hemp  works  on  the  mill  Dam  and  made  reports  from  time  to 
time  to  Lemuel  Pope,  Esq.,  then  President  of  the  Boston  Water  Power 
Co.     These  were  the  beginnings  of  my  career  in  engineering,  a  profes- 
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sion  in  which  I  have  been  as  successful  as  I  deserved  to  be  and  in  which 
I  have  enjoyed  much  and  suffered  much  from  exposure  and  hard  work." 

In  1841,  Mr.  Felton  made  the  first  survey  for  the  Fresh  Pond  Rail- 
road, intended  for  the  transportation  of  ice  to  Charlestown,  and  con- 
structed it  during  that  year.  The  next  year  he  made  a  preliminary 
survey  upon  which  the  charter  of  the  Fitchburg  road  was  obtained, 
and  was  occupied  as  chief  engineer  of  that  work  for  several  years. 
Upon  its  completion,  in  1845,  he  became  its  superintendent  and  held 
this  position  till  1851.  In  the  meantime  he  made  surveys  for  the 
Cheshire  R.  R.  and  the  Rutland  and  Burlington  R.  R.,  was  chief  engin- 
eer of  the  Vermont  Central  R.  R.  and  consulting  engineer  of  the  Sul- 
livan R.  R.  and  the  Ogdensburg  R.  R. 

In  February  1851,  he  was  selected,  without  solicitation  on  his  part, 
for  the  presidency  of  the  Philadelphia,  Wilmington  and  Baltimore 
R.  R.  Though  built  upon  one  of  the  great  thorough-fares  of  the  coun- 
try, this  road  had  never  filled  the  requirements  of  the  public,  nor  met 
with  financial  success.  Its  track  and  equipment  were  inferior,  "nec- 
essarily subjecting  passengers  to  delays  and  annoyances  experienced 
on  no  other  road  in  the  country"  said  Mr,  Felton,  in  his  first  annual 
report,  "and  making  this  portion  of  the  great  line  south  and  west 
so  uncertain  in  its  time  and  connection  as  to  be  avoided  by  all  who 
could  avoid  it,  and  dreaded  by  all  whose  necessities  obliged  them  to 
use  it".  In  addition  its  management  had,  from  various  causes,  been 
slack  and  unbusinesslike.  Liquor  was  sold  at  the  various  stations; 
there  was  no  proper  system  of  checks  and  peculation  was  rife  among- 
the  employes;  several  of  them  were  also  engaged  in  trading  in  the 
various  articles  produced  along  the  line  of  the  railroad  and  practiced 
the  most  glaring  discriminations  and  extortions  upon  its  patrons.  '  'My 
first  effort",  says  Mr.  Felton,  "were  directed  to  rebuilding  the  road  in 
all  its  parts  and  to  refurnishing  it  with  rolling  stock  adequate  to  its 
wants,  and  next  to  developing  its  resources.  I  found  that  its  affairs 
had  been  entirely  managed  for  eleven  years  by  a  man  whose  talents 
were  more  devoted  to  enriching  himself  than  to  increasing  the  value 
of  the  property  of  the  stockholders.  He  had  managed  it  so  as  to  make 
a  profit  individually  out  of  many  articles  furnished  to  the  road  and  to 
control  for  his  own  profit  many  branches  of  its  business.  A  road  thus 
managed  I  believed  could  never  answer  the  objects  for  which  it  was 
built.  It  could  neither  accommodate  adequately  its  patrons  nor  re- 
ward its  stock  holders  with  fair  dividends.  After  an  infinite  amount 
of  trouble  and  enduring  untold  personal  abuse,  I  succeeded  in  displac- 
ing this  man  from  his  position,  and,  as  soon  as  the  road  had  paid  from 
its  earnings  the  debt  necessarily  incurred  in  its  remodelling,  it  at 
once  took  its  place  among  the  dividend  paying  institutions  of  the  coun- 
try." 
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The  person  here  meant  was  the  superintendent  of  the  road, 
a  man  of  much  ability  and  influence,  both  social  and  political, 
and  possessing  the  confidence  of  many  of  the  leading  men  of  Phil- 
adelphia,— charges  against  him  were  formally  preferred  and  investiga- 
ted by  a  committee  of  five  of  the  board  of  directors,  three  of  whom  at 
least  were  warm  personal  friends  of  the  superintendent.  Before  this 
body  Mr.  Felton  conducted  a  long  and  arduous  examination,  with  an 
ability  which  extorted  admiration  even  from  his  enemies.  Local  prej- 
udice and  jealousy  of  New  England  then  prevailed  to  an  extent  now 
happily  unknown  and  of  these  the  superintendent  and  his  friends  took 
full  advantage.  Mr.  Felton  was  obliged  to  face  a  storm  of  "untold 
personal  abuse",  of  public  and  private  calumny  and  of  attempted  di- 
versions in  the  City  Councils  of  Philadelphia  and  Baltimore  and  the 
Legislatures  of  Maryland  and  Pennsylvania.  All  of  this  unjust  suspic- 
ion and  obloquy  wounded  Mr.  Felton  deeply  but  he  persevered  and  in 
the  end  succeeded  in  breaking  the  power  of  the  ring  that  had  so  long 
robbed  the  stockholders  of  the  i*ailroad,  and  oppressed  the  people  com- 
mercially dependent  upon  it. 

In  his  first  annual  report  Mr.  Felton  urged  the  bridging  of  the  Susque- 
hanna. "It  is",  he  said,  "an  improvement  demanded  by  travellers  and 
one  which  they  had  a  right  to  demand.  The  expenditure  will  be  heavy, 
but  the  company  should  not  hesitate  to  make  it;  for  every  expendit- 
ure incurred  to  insure  speed  and  certainty  and  to  lessen  the  vexations 
and  expenses  to  which  the  traveller  is  subjected  will  bring  a  corres- 
ponding return".  An  application  was  accordingly  made  to  the  Legis- 
lature of  Maryland  for  a  charter  to  build  the  bridge,  but,  as  usual  in 
such  cases,  this  proposition  met  with  much  opposition.  Mr.  Felton,  in 
reply,  pointed  out  its  great  importance  to  the  state  of  Maryland.  It 
would,  he  said,  by  drawing  travel  from  the  west  over  the  Baltimore 
and  Ohio  R.  R.  give  a  large  direct  retm*n  upon  the  stock  held  by  the 
state  in  that  road,  and  would  in  addition  be  of  great  benefit  by  bring- 
ing western  and  southern  travellers,  that  then  sought  other  routes, 
through  the  city  of  Baltimore.  A  charter  was  accordingly  granted 
and  work  begun  upon  the  bridge,  \>ut  it  was  not  possible,  owing  to 
business  depression  to  continue  it  then,  and  the  bridge  was  not  finally 
completed  till  1866,  when  Mr.  Felton  had  retired  from  the  presidency. 

When  Mr.  Felton  took  the  presidency  of  the  Philadelphia,  Wilming- 
ton and  Baltimore  R.  R.,  the  traveller  between  New  York  and  Wash- 
ington was  compelled  to  purchase  tickets  and  recheck  his  baggage  in 
everjr  city.  Almost  his  first  efforts  were  directed  to  establishing  a 
system  of  through  tickets,  but  so  unprogressive  was  most  of  the  rail- 
roading of  that  day,  that  it  was  a  considerable  time  before  he  could 
bring  about  such  facilities  on  any  except  the  night  trains.  He  also 
from  the  first  endeavored  to  establish  direct  connections  in  the  cities, 
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and  through  freight  rates.  In  1853,  upon  the  opening  of  the  Baltimore 
&  Ohio,  through  to  the  west,  Mr.  Felton  endeavored  to  make  through 
freight  arrangements  with  that  road.  But  the  management  then  in  con- 
trol refused  to  entertain  such  a  proposition  on  the  ground  that  their 
road  had  been  built  by  Baltimore  and  should  be  used  for  the  benefit  of 
that  city  alone.  Commenting  probably  on  this  policy  he  says,  in  his 
report  for  1853.,  "To  insure  our  share  of  this  business  we  must  be- 
come one  in  interest  and  make  our  line  as  quick  and  cheap  as  any  other, 
commenceing  at  New  York  and  ending  as  far  west  as  a  railroad  or  a 
steamboat  reaches.  Local  .considerations  and  local  jealousies  must  be 
forgotten,  or  our  more  active  neighbors  will  be  successful  in  the  con- 
test and  win  for  their  prize  the  business  of  the  exhaustless  west.  No 
city  can  hope  to  attract  business  to  itself  by  imposing  restrictions 
upon  trade  and  travel  in  either  direction",  such  words  as  these,  writ- 
ten at  a  time  when  the  immense  possibilities  of  railroad  transporta- 
tion, and  the  methods  of  utililzing  it  were  but  dimly  comprehended, 
are  not  without  interest. 

In  1852,  Mr.  Felton  became  intei'ested  in  a  project  for  building  a 
railroad  from  Dover  Landing  on  the  Delaware  River  through  the  penin- 
sula to  the  Chesapeake.  This  he  perceived  might  become  a  rival 
route  to  the  South,  and  not  only  a  regard  for  the  interests  of  his  own 
road,  but  a  settled  disapproval  of  the  building  of  parallel  roads  in  gen- 
eral urged  him  to  change  this  plan  if  possible.  He  accordingly  made 
a  proposition  to  the  projectors  of  the  Delaware  line  to  unite  with  the 
Philadelphia,  Wilmington  &  Baltimore  Railroad,  and  gave  them  sub- 
stantial assistance  in  finishing  their  road.  Although  the  terms  under 
which  the  Delaware  Railroad  was  leased  resulted  for  some  years  in  a  con- 
siderable annual  loss  in  its  operation,  Mr.  Felton  was  confident  that  its 
immediate  value  as  a  feeder  and  the  great  possibilities  of  growth  which 
he  foresaw  would  more  then  repay  any  expense  which  might  be  incur- 
red. He  says;  "The  road  promises  to  repay  its  stockholders  and  all 
others  who  have  contributed  to  its  construction  for  their  labors  and 
sacrifices.  It  opens  a  fertile  and  healthy  country,  heretofore  inacces- 
sible, to  the  great  markets  of  Philadelphia  and  New  York.  It  will 
soon  become  as  productive  in  fruit  and  early  vegetables  as^the  vicini- 
ty of  Norfolk  or  the  lands  along  the  railroads  in  New  Jersey.  Its  for- 
ests of  white  oaks  will  furnish  the  best  of  timber  for  ship  building  and 
for  cars.  Delaware  is  also  an  extensive  grain  growing  country  and 
the  facilities  of  railroad  communication  will  largely  increase  its  pro- 
ducts in  this  department.  The  business  of  the  whole  peninsula  will 
now  be  made  tributary  to  our  road,  and  while  the  wealth  of  the  coun- 
try will  be  quadrupled  by  the  construction  of  the  Delaware  Railroad 
there  will  be  no  doubt  that  we  shall  reap  a  fair  share  of  profit  for  our 
expenditure  and  risk".     The  result  has   amply  justified  this  forecast 
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and  in  particular  the  immense  growth  of  the  fruit  business  of  the  pe- 
ninsula may  be  said  to  have  originated  with  the  opening  of  this  road. 
In  recognition  of  Mr.  Felton's  services  the  legislature  of  Delaware 
by  resolution  named  a  town  upon  the  new  railroad  for  him  and  this  is 
now  one  of  the  largest  fruit  shipping  points  in  the  state. 

In  his  annual  report  for  1856,  Mr.  Felton  says  "For  several  years 
past  the  system  of  operating  railroads  by  contract  has  been  discussed 
in  this  country  but  it  has  not  been  adopted  to  any  extent.  Since 
August  of  last  year  it  has  been  more  extensively  tried  on  our 
road  than  heretofore  and  has  been  found  .to  work  well.  All  the  trains 
are  now  run  at  a  stipulated  price  per  mile  including  repairs  and  renew- 
als of  locomotives,  fuel,  oil  and  waste  and  wages  of  engineers  and  fire- 
men. The  labor  of  repairs  on  road  is  also  furnished  by  contract.  The 
Freight  business  is  paid  for  by  the  ton,  in  all  its  details  including  loss 
and  damage,  and  wages  of  conductors  and  brakemen.  The  fuel  for  the 
stations,  shops,  steamboats,  cars  and  for  the  ferry  is  furnished  for  a 
stipulated  sum  per  year.  This  system  more  than  any  other  brings  to 
bear  upon  the  affairs  of  the  company  the  element  of  individual  re- 
sponsibility, the  true  element  of  success  in  any  business".  The  next 
year,  after  a  still  further  extension  of  this  system,  he  says  "nothing 
can  more  effectually  secure  promptness,  energy  and  thoi*oughness  than 
this  system  properly  carried  out  in  the  hands  of  faithful  contractors. 
Everything  however  depends  on  the  selection  of  capable,  honest  and 
efficient  men.  Too  great  a  subdivision  of  the  work  by  contract  among 
many  disconnected  parties  might  also  work  to  great  disadvantage. 
Our  trains  have  never  run  with  so  much  regularity  as  now 
and  our  road,  cars  and  engines  have  never  been  in  so  good  order.  We 
do  not  mean  to  say  that  this  state  of  things  could  not  have  been 
brought  about  under  the  old  system,  but  we  are  certain  that  it  could 
not  have  been  accomplished  so  cheaply  and  so  easily  as  under  the  con- 
tract system.  *  *  *  *  Private  corporations  succeed  generally  better 
than  state  governments  in  the  management  of  public  works,  because 
individual  care  and  interest  can  be  better  called  into  action,  but  even 
here  that  keen  vigilance  in  all  departments,  and  particularly  in  the  ex- 
penditure of  money,  which  is  the  true  element  of  success  in  private 
business  can  rarely  be  attained.  If  all  the  employees  of  a  corporation 
could  be  made  pecuniarily  interested  in  its  economical  and  safe  man- 
agement, its  success  would  be  more  certain,  extravagant  expenditures 
would  be  avoided  and  accidents  would  be  much  more  rare.  A  proper 
contract  sj'stem  secures  all  these  important  objects  when  faithfully 
carried  out  by  competent  men".  Indeed  in  Mr.  Felton's  hands  this  sys- 
tem fully  justified  his  expectations,  the  operating  expenses  of  the 
raihoad  for  the  year  1859,  when  it  was  in  full  operation,  being  on- 
ly   37+    per    cent    of  its  receipts,  a  record  which,  it  is  believed,  can 
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scarcely    be    paralleled    elsewhere    either    at    that    time    or    since. 

Another  economy  for  the  earliest  practical  demonstration  of  which 
the  railroad  world  is  indebted  to  Mr.  Felton  was  the  use  of  coal-burn- 
ing engines.  While  superintendent  of  the  Fitchburg  road  he  had  been 
interested  in  experiments  in  burning  coal,  and  it  had  been  used  in  some 
places,  notably  on  the  Philadelphia  and  Reading  road  for  freight  en- 
gines. But  the  engine  "Daniel  Webster,"  placed  on  the  Philadelphia, 
Wilmington  &  Baltimore  R.  R. ,  in  April  1857  was,  it  is  believed  the 
first  successful  coal  burning  passenger  engine  in  regular  service  upon 
any  railroad  in  the  United  States. 

Mr.  Felton  was,  if  not  the  first  at  least  one  of  the  first  to  make  the 
running  of  a  railroad  the  subject  of  serious  and  scientific  study  and  to 
formulate  the  principles  upon  which  it  should  be  conducted.  For  many 
years  he  collected  and  bound  together  all  the  railroad  reports  issued  in 
the  United  States,  and  gave  to  them  the  most  painstaking  and  careful 
study.  He  had  thus  not  only  a  practical  experience  in  railway  man- 
agement but  was  Master  of  its  theoretical  side  as  well.  Many  of  his 
annual  reports  contain  discussions  of  the  principles  of  railway  opera- 
tion which  show  how  wide  was  his  acquaintance  with  these  problems 
and  how  correct  was  his  understanding  of  them.  This  he  had  worked 
out  almost  entirely  for  himself. 

By  the  year  1859,  Mr.  Felton  had  brought  the  Philadelphia,  Wil- 
mington &  Baltimore  R.  R.,  to  a  condition  of  such  efficiency  that  it  was 
very  generally  recognized  as  one  of  the  model  railroads  of  the  time. 
The  Railroad  Journal  in  that  year  said  of  it.  "Almost  every  circum- 
stance connected  with  this  road  is  against  its  being  cheaply  operated. 
Till  the  reforms  now  introduced  were  made  the  current  expenses  did 
bear  a  very  large  proportion  to  the  gross  receipts,  with  them  the  road 
now  shows  more  favorable  results  than  any  other  in  the  country."  His 
reputation  had  become  so  high  that  his  services  were  sought  by  many 
other  railroads.  The  stock  holders  of  the  Baltimore  and  Ohio  several 
times  sought  to  make  him  president  of  that  corporation.  It  is  perhaps 
worthy  of  note,  as  showing  Mr.  Felton's  excellent  judgment  of  men, 
that  on  one  of  these  occasions  when  he  was  urged  by  Mr.  John  W.  Gar- 
rett to  take  this  place,  he  suggested  that  Mr.  Garrett  himself  could 
fill  it  excellently,  and  that  it  was  in  consequence  of  this  that  Mr.  Gar- 
rett who  had  not  previously  had  any  expeiernce  in  railway  manage- 
ment took  the  position  in  which  he  subsequently  made  so  great  a  name 
for  himself.  "In  the  autumn  of  1860,"  says  Mr.  Felton,  "I  was  offered 
the  largest  salary  then  paid  in  the  country  to  take  charge  of  the  Phila- 
delphia &  Reading  R.  R. ,  and  accepted  the  offer  provided  the  represen- 
tatives of  the  Philadelphia,  Wilmington  &  Baltimore  R.  R. ,  would  con- 
sent to  my  leaving.  This  they  declined  to  do,  and  requested  me  to  name 
a  salary  that  would  induce  me  to  remain.      I  told  them  that  they  al- 
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ready  paid  as  much  as  they  ought  and  that  they  could  now  obtain  a 
man  who  could  manage  the  road  as  well  as  I  for  a  smaller  sum  than 
they  paid  me,  but  all  to  no  purpose.  As  in  all  my  troubles  and  labors 
they  had  always  nobly  sustained  me  I  determined  that  I  would  not 
leave  excepting  with  their  full  consent  and  I  therefore  named  a  sum 
one-third  less  than  I  had  been  offered  and  so  consented  to  remain." 

Not  long  afterwards  came  the  election  of  Mr.  Lincoln  and  with  it  the 
signs  of  the  coming  storm.  The  exposed  position  of  Washington,  cut 
off  from  the  north  by  the  slave  state  of  Maryland,  and  from  railway 
communication  by  the  ardently  southern  city  of  Baltimore,  was  such 
that  it  could  hardly  fail  to  attract  an  attack.  The  situation  of  the 
Philadelphia,  Wilmington  &  Baltimore  E.  R.,  as  the  chief  avenue  of 
communication  between  Washington  and  the  north  with  more  than 
half  its  length  in  Maryland  made  it  an  important  factor  in  any  contest 
which  might  arise  for  the  possession  of  the  capital,  and  in  fact  gave  Mr. 
Felton  au  important  part  to  play  in  the  opening  scenes  of  the  war. 

Toward  the  end  of  December  1860,  in  an  interview  with  the  late 
Miss  Dix,  the  Philanthropist,  who  had  been  for  some  time  engaged  in 
charitable  work  in  the  southern  states,  he  was  apprized  of  facts  indi- 
cating a  well  defined  intention  to  seize  Washington.  This  scheme  of 
course  included  the  breaking  of  railway  communications  with  the 
north.  The  Philadelphia,  Wilmington  &  Baltimore  R.  R.,was  particu- 
larly exposed  owing  to  the  long  trestle  bridges  by  which  it  crosses 
Bush  and  Gunpowder  Rivers,  estuaries  of  the  Chesapeake.  From  this 
and  some  other  information  Mr.  Felton  was  led  to  believe  that  there 
was  danger  that  an  attempt  would  be  made  to  prevent  Mr.  Lincoln's 
inauguration.  His  first  step  was  to  send  his  information,  together  with 
some  suggestions  as  to  other  routes,  to  Gen.  Scott,  and  to  ask  protec- 
tion from  the  government.  But  this  could  not  be  obtained.  Mr.  Fel- 
ton next  called  the  attention  of  Kane,  the  Marshal  of  the  Baltimore 
police,  to  the  matter  and  requested  an  investigation.  But  that  official 
merely  ridiculed  the  matter  andentirely'declined  to  lend  his  assistance. 
Mr.  Felton  therefore  employed  private  detectives  to  join  the  various 
military  companies  in  and  about  Baltimore,  and  organized  and  secretly 
drilled  a  force  of  men  who  were  ostensively  employed  in  coating  the 
bridges  with  whitewash,  which  was  saturated  with  salt  and  alum  to 
render  the  piles  as  nearly  fireproof  as  possible.  In  the  meanwhile  ru- 
mors had  reached  the  officers  of  the  road  that  a  conspiracy  to  murder 
Mr.  Lincoln  was  being  hatched  in  Baltimore.*  These  rumors  were  in- 
vestigated and  found  to  be  true.       Upon  the  arrival  of  Mr.  Lincoln  in 

*Some  account  of  the  conspiracy  to  assassinate  President  Lincoln, 
which  is  alluded  to  herein,  may  be  found  in  recollections  of  President  Lin- 
coln and  his  administration  "by  H.  E.  Chittenden,  Register  of  the  Treas- 
ury," Chapters  X  and  XL 
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Philadelphia,  on  the  night  of  the  21st,  of  February  1861,  the  details  of 
the  investigations  were  laid  before  him  and  he  was  urged  to  proceed  at 
once  to  Washington.  But  he  declined  to  alter  his  programme,  which 
was  to  go  to  Harrisburg  and  proceed  thence  by  way  of  the  Northern 
Central  R.  R. ,  to  Baltimore  and  Washington,  excepting  that  he  agreed 
that  if  no  delegation  from  Baltimore  met  him  at  Harrisburg  he  would 
return  the  next  night  to  Philadelphia,  and  go  through  secretly  to 
Washington.  When  he  was  returning  to 'his  room  he  was  met  by  Mr. 
F.  W.  Seward  with  details  of  another  and  entirely  independent  investi- 
gation, conducted  in  behalf  of  Mr.  Seward  and  Gen.  Scott,  which  point- 
ed to  the  same  conclusions.  He  now,  as  he  says,  felt  convinced  that 
such  a  conspiracy  was  in  existence.  Accordingly  it  was  arranged  that 
he  should  take  a  special  train  the  next  night  from  Harrisburg,  and  the 
regular  night  train  from  Philadelphia  south. 

Meanwhile  Mr.  Felton  arranged  the  details  of  getting  the  president- 
elect safely  through  Baltimore.  Upon  the  pretext  that  he  had  a  pack- 
age of  important  documents  to  be  delivered  in  Washington,  he  request- 
ed the  officers  of  the  Baltimore  &  Ohio  R.  R.,  to  delay  their  train  south 
so  as  to  be  sure  of  the  connection,  and  used  the  same  excuse  to  delay 
the  train  at  Philadelphia  beyond  its  appointed  time  of  starting.  Mr. 
Lincoln  was  met  at  West  Philadelphia  by  one  of  the  officers  of  the 
Philadelphia,  Wilmington  &  Baltimore  R.  R. ,  with  a  carriage,  and 
driven  to  the  Baltimore  station.  When  he  was  aboard  the  train,  the 
important  package  which  consisted  of  old  R.  R.,  reports,  was  put  in 
the  hands  of  the  conductor  and  the  tram  started.  One  of  the  officers 
of  the  P.  W.  &  B.  R.  R.  rode  upon  the  sleeping  car  to  Baltimore,  and 
another  from  there  to  Washington. 

Simultaneously  with  the  departure  of  Mr.  Lincoln  from  Harrisburg 
all  the  telegraph  wires  at  that  place  had  been  cut,  and  with  them  those 
connecting  Philadelphia  with  the  south.  At  eight  o'clock,  on  the  morn- 
ing of  Feb.  23rd,  they  were  joined  and  the  first  message  they  bore  was 
to  Mr.  Felton,   "Your  package  has  arrived  safely  and  been  delivered." 

Of  course  highly  colored  and  sensational  stories  of  this  episode  filled 
the  newspapers.  Among  these  was  a  story  of  Mr.  Lincoln's  wearing  a 
scotch  cap  and  a  plaid  cloak  as  a  disguise.  In  this,  as  in  many  others 
of  these  stories,  there  was  no  truth  whatever.  Equally  of  course  the 
existence  of  a  conspiracy  to  assassinate  Mr.  Lincoln  has  been  the  sub- 
ject of  a  good  deal  of  controversy.  In  the  nature  of  the  case,  the  evi- 
dence of  such  a  plot  can  hardly  be  conclusive  since  it  may  mean  much 
or  little  according  to  the  amount  of  resolution  of  the  plotters  which 
nothing  but  the  event  can  determine.  The  story  of  the  detective  may 
be  found  in  an  article  by  Mr.  Arnold  in  Harper's  Magazine  for  June  1868. 
It  shows  a  well  arranged  plan  to  assassinate  Mr.  Lincoln  in  the  confu- 
sion upon  his  arrival  at  the  station.       The  men  to  do  the  act  were  de- 
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signated  and  arrangements  made  for  their  escape.  To  this  story  but 
two  objections  have  been  made,  first  that  the  person  chiefly  accused, 
one  Ferrandini,  was  a  barber,  and  hence  a  person  incapable  of  commit- 
ting crime,  and  several  that  the  detection  was  actuated  by  the  tempta- 
tion of  earning  a  reward  and  making  a  sensation.  It  is  true  that  Fer- 
randini was  a  barber,  but  he  was  also  a  person  of  sufficient  importance 
to  be  called  as  a  witness  before  the  committee  of  Congress  which  in- 
vestigated the  disloyal  military  org-anizations  in  Maryland,  to  one  of 
which  he  acted  without  compensation  as  drill  master.  His  testimony 
which  corresponds  very  well  with  the  detectives  account  of  him,  shows 
him  to  have  been  something  of  an  adventurer,  and  that  he  had  held  a 
commission  as  captain  in  the  Mexican  Army  under  Juarez.  As  to  the 
other  objection,  the  detectives  bill  for  his  services  shows  that  he  and 
his  assistants  were  not  tempted  by  the  offer  of  a  reward,  but  were  paid 
.by  the  day,  regardless  of  the  discoveries  which  they  made.  Moreover 
the  detective,  far  from  endeavoring  to  make  a  sensation,  kept  perfect- 
ly silent  as  to  his  part  in  the  matter  for  more  than  six  years,  and  then 
only  came  forward  to  answer  an  attempt  by  Mr.  Seward's  detective  to 
take  all  the  credit  of  the  transaction. 

After  Mr.  Lincoln's  inauguration  the  detectives  and  the  bridge- 
guards  were  dismissed,  and  matters  proceeded  in  their  regular  course 
till  the  fall  of  Sumter,  and  the  President's  proclamation.  It  was,  as 
shown  by  the  Report  of  the  Committee  of  five,  the  avowed  intention 
of  the  bands  and  companies  organized  about  Baltimore  to  prevent  the 
passage  of  any  troops  from  the  North.  Many  persons  warned  Mr.  Fel- 
ton  of  the  impending  destruction  of  his  road  and  urged  him  not  to 
transport  any  troops.  A  note  from  the  Police  Marshal  of  Baltimore 
to  the  agent  of  the  road  asking  if  it  was  true  as  stated  "that  an  at- 
tempt will  be  made  to  pass  the  volunteers  from  New  York  intended  to. 
make  war  upon  the  South  over  your  road  to-day?"  Mr.  Felton  sent  to 
the  War  Department,  and  to  a  communication  from  one  of  the  Direc- 
tors of  the  Road  in  Baltimore,  urging  him  on  no  account  to  attempt 
the  passing  of  troops  over  the  road,  he  replied  that  he  had  no  right  to 
refuse  to  transport  them,  that  the  temper  of  Philadelphia  was  such 
that  no  such  l'efusal  would  be  tolerated  and  finally  "I  do  not  hesitate  to 
decide  upon  my  duty  in  this  trying  hour.  It  is  to  stand  by  the  govern- 
ment and  abide  the  consequences.  I  shall,  therefore  endeavor  to  do,  to 
the  best  of  my  ability  what  is  required  of  me.  If  our  road  is  disabled 
the  responsibility  must  rest  upon  the  wicked  persons  who  do  the  deed 
and  a  terrible  retribution  will  certainly  await  them." 

It  was  now  the  eventful  19th.  of  April  1861.  An  attempt  had  been 
made  to  arrange  for  the  transportation  of  the  expected  troops  across 
the  harbor  of  Baltimore,  but  it  had  not  succeeded  owing  to  lack  of  time. 
At  3  o'clock  in  the  morning  of  that  day  the  Massachusetts  Sixth  left 
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Philadelphia.  Says  Mr.  Felton,  "Before  they  started  I  called  the  col- 
onel and  principal  officers  into  my  office  and  told  them  of  the  dangers 
they  would  probably  encounter  and  advised  that  each  man  should  load 
his  musket  before  leaving  Philadelphia  so  as  to  be  ready  for  any  emer- 
gency *  *  *  *  The  regiment  started  and  I  stood  by  the  telegraph 
instrument  in  Philadelphia  constantly  'receiving  messages  of  its  pro- 
gress. Finally  it  was  announced  from  Baltimore  that  they  were  in 
sight,  next  that  they  were  received  at  the  depot  with  cheers.  Then 
that  ten  car-loads  had  started  for  the  Camden  St.  Station  and  all  was 
right.  Then  that  the  other  four  car-loads  had  started  and  turned  the 
corner  into  Pratt  St.  all  right.  Then  after  a  few  moments  that  the 
track  was  torn  up  in  front  of  them  and  they  were  attacked  on  Pratt 
St.  Then  the  reports  subsided  into  mere  rumors  and  we  could  not  tell 
whether  the  mob  or  the  troops  were  to  be  successful.  Then  came  the 
news  that  the  mob  had  turned  upon  an  unarmed  regiment  (Col.  Small's) 
which  had  left  Philadelphia  with  the  Massachusetts  Sixth;  that  the 
mob  had  mounted  the  tops  of  the  cars  and  were  breaking  them  in  and 
throwing  down  paving  stones  and  other  missiles  on  the  heads  of 
the  volunteers  and  chasing  those  who  left  the  cars  through  the  streets 
of  the  city.  The  excitement,  anxiety  and  oppression  that  I  felt  at  this 
moment  may  be  better  imagined  than  described.  At  this  juncture  I 
received  a  message  from  the  Mayor  and  Police  Commissioners  of  Balti- 
more as  follows,  in  substance,  "withdraw  the  troops  now  in  Baltimore 
and  send  no  more  through  Baltimore  or  Maryland"  *  *  *  In  order  to 
get  time  to  ascertain  more  exactly  the  condition  of  affairs,  I  telegraph- 
ed back  to  them  that  I  had  received  such  a  message  as  the  above,  and 
asked  "is  it  genuine?"  In  the  meantime,  I  ascertained  that  the  bulk 
of  the  Massachusetts  Sixth  had  just  got  through  and  were  on  their  way 
to  Washington,  and  believing  that  the  mob  would  murder  the  unarmed 
men  under  Col.  Small  if  I  allowed  them  to  remain  where  they  were 
and  that  our  bridges  between  the  Susquehanna  and  Baltimore  would  be 
at  once  destroyed  and  that  some  other  route  must  be  adopted,  I  be- 
thought myself  of  the  Annapolis  scheme  before  communicated  to  Gen. 
Scott.  I  therefore  telegraphed  to  the  Mayor  of  Baltimore.  "I  will 
withdraw  the  troops  now  in  Baltimore  and  send  no  more  through  the 
city  till  I  first  communicate  with  you,"  making  no  allusion  to  Mary- 
land but  so  wording  my  despatch  that  they  would  conclude  that 
no  more  troops  would  be  sent  and  be  unprepared  to  throw  any  obstacles 
in  the  way  of  the  Annapolis  route." 

It  was  now  about  3  o'clock  in  the  afternoon.  Orders  were  immedi- 
ately sent  to  the  Captain  of  the  Feriw-boat  "Maryland"  at  the  Susque- 
hanna, to  lay  in  a  supply  of  coal  and  procure  a  pilot  who  knew  the 
harbor  of  Annapolis.  Then  in  company  with  Mr.  J.  Edgar  Thomson, 
who  had  been  appointed  an  Agent  of  the  War  Department,  Mr.  Felton 
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set  about  collecting  a  fleet  of  transports  at  Perryville  on  the  Susque- 
hanna. They  also  telegraphed  to  Washington  for  authority  to  send 
troops  by  Annapolis,  but  could  get  no  reply.  About  five  o'clock  a  con- 
ference was  held  at  the  house  of  Gen.  Patterson  commanding  the  De- 
partment, where  after  full  discussion  the  route  by  Annapolis  was 
adopted  by  the  political  and  military  authorities. 

During  this  time  the  Massachusetts  Eighth  Regiment  under  Gen. 
Butler  had  reached  Philadelphia;  and  the  New  York  Seventh  was  ex- 
pected. About  twelve  o'clock  that  night,  Mr.  Felton  sought  an  inter- 
view with  Gen.  Butler.  Gen.  Patterson,  as  the  troops  were  not  yet 
mustered  into  the  service  of  the  United  States,  had  no  authority  to 
order  a  change  of  route,  and  it  therefore  became  necessary  for  Mr.  Fel- 
ton to  argue  the  matter  out.  For  this  purpose,  he  took  Commodore 
DuPont  with  him  to  see  Gen.  Butler.  What  took  place  may  be  told  in 
Commodore  DuPont's  words:  "I  had  returned  late  at  night  from  a  day 
of  arduous  labor  at  the  Navy  Yard  to  the  La  Pierre  House  where  I  met 
you,  when  you  asked  me  to  accompany  you  to  see  Gen.  Butler  who 
had  arrived  in  the  evening  with  the  Massachusetts  Eighth  Regiment. 

"On  seeing  the  General,  you  informed  him  that  you  had  received  a 
telegram  from  Governor  Hicks  requesting  you  to  send  no  more 
troops  through  Baltimore.  Gen.  Butler  promptly  replied,  "If  Col. 
Lefferts  (the  New  York  7th,  had  also  arrived  in  Philadelphia)  will  join 
me  we  will  fight  our  way  through."  You  then  told  the  General  that 
you  expected  to  hear  at  any  moment  that  the  bridges  had  been  burned, 
(which  did  occur),  and  that  you  had  come  to  propose  forwarding  him 
and  his  Regiment  by  way  of  Annapolis  employing  the  company's  large 
ferry-boat  for  that  purpose.  You  then  mentioned  the  object  you  had 
in  asking  me  to  accompany  you  that  I  might  give  Gen.  Butler  accurate 
information  as  to  his  landing  at  Annapolis,  adding  that  you  had  intel- 
ligence from  Washingthn,  from  reliable  sources,  which  represented 
the  capital  in  a  most  defenceless  condition." 

After  some  further  discussion,  Gen.  Butler  agreed  to  act  upon  Mr. 
Felton's  suggestion.  Early  in  the  morning  of  April  20th  the  expected 
news  of  the  burning  of  the  bridges  arrived.  Major  Trimble,  a  former 
Superintendent  of  the  railroad,  had  seized  a  train  and  compelled  the 
eugineer  at  the  point  of  his  pistol  to  carry  him  on  his  work  of  de- 
struction. He  probably  intended  also  to  attach  the  ferry-boat  "Mary- 
land" at  the  river,  but  was  frightened  from  his  purpose  by  the  conduc- 
tor and  engineer  who  told  him  that  trains  were  closely  following  them 
from  Philadelpnia  with  a  large  force  of  troops.  He  therefore  desisted 
and  returning  burnt  the  bridges  over  Bush  and  Gunpowder  rivers,  thus 
completely  disabling  the  forty  miles  of  railroad  between  the  Susque- 
hanna River  and  Baltimore.  In  this  Major  Trimble  was  acting  under 
the   orders  of  the  Mayor  of  Baltimore  and  the  Governor  of  Maryland, 
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who  appear  from  the  narratives  printed  in  the  Official  Records  of  the 
war,  to  have  implicitly  obeyed  the  secession  element  in  the  city. 

In  the  meantime,  the  New  York  Seventh  had  arrived  in  Philadelphia 
and  Mr.  Felton  tried  to  persuade  Col.  Lefferts  to  proceed  to  Annapolis 
with  Gen.  Butler.  But  in  the  unfortunate  absence  of  orders  from 
Washington,  jealousies  arose  and  Col.  Lefferts  determined  to  proceed 
down  the  Delaware  and  by  sea,  a  longer  and  slower  route.  Both  of 
them  started  from  Philadelphia  at  about  the  same  time  on  the  after- 
noon of  the  20th,  of  April,  Col.  Lefferts,  however,  did  not  reach  Anna- 
polis until  some  thirty-six  hours  after  Gen.  Butler  though,  owing  to 
the  latters  having  run  aground  in  endeavoring  to  tow  the  ship  "Con- 
stitution" out  of  the  harbor,  he  was  the  first  to  land. 

In  the  meanwhile,  Mr.  Felton  and  Mr.  Thomson  had,  on  their  indi- 
vidual responsibility,  collected  all  the  available  transports  at  Perry  - 
ville.  Provisions  for  the  soldiers  were  procured  at  the  expense  of  the 
railroad,  and  sent  to  Annapolis,  and  engines,  cars,  railroad  iron,  CoaL 
horses,  carts  and  laborers  were  procured  by  Mr.  Felton  and  dispatched^ 
to  Gen.  Butler.  From  the  necessary  expenditures,  amounting  to  many 
thousands  of  dollars  and  made  without  authority,  many  men  would 
have  shrunk,  but  with  Mr.  Felton  the  safety  of  the  capital  was  the 
paramount  object.  By  these  exertions  a  route  was  opened  over  which 
the  thronging  regiments  from  the  loyal  states  were  sent  to  Washington, 
which  they  reached  just  in  time  to  check  a  descent  which  was  prepar- 
ing in  Virginia  and  the  South.  The  best  opportunity  that  the  confed- 
erates ever  had  to  capture  Washington  and  make  the  Susquehanna  in- 
stead of  the  Potomac  thei,r  boundary  had  passed  away  never  to  return. 

Now  began  a  four  years  period  of  struggle  against  overwhelming 
difficulties  which,  though  successful,  cost  Mr.  Felton  his  health.  Situ- 
ated as  he  was  almost  at  the  focus  of  public  attention,  he  could  not  es- 
cape much  honest  criticism  and  more  that  was  designing  and  insincere. 
Not  long  after  the  beginning  of  the  war  a  vigorour  effort  was  begun 
to  induce  the  government  to  build  another  line  of  railroad  from  Wash- 
ington to  New  York,  or  to  lend  its  aid  to  the  speculators  who  wished 
to  embark  in  such  a  project.  The  non  arrival  of  the  mail  on  schedule 
time  was  the  text  for  a  tirade  against  railway  monopolies.  If  a  single 
train  failed  to  make  connection  a  loud  clamor  began  about  the  discom- 
fort and  imperfections  of  the  existing  line.  One  just  subject  of  criti- 
cism there  was — the  necessity  of  a  transfer  across  Philadelphia,  and 
the  bad  connections  in  that  city.  But  this  was  not  Mr.  Felton's  fault 
but  the  fault  of  those  local  jealousies  against  which  he  had  protested 
during  his  whole  career  as  a  railroad  man.  Every  attempt  to  remedj'  this 
evil,  however  brought  upon  his  head  a  storm  of  injunctions,  of  criticisms 
and  of  resolutions  whose  burden  was  that  he  intended  to  make  Phila- 
delphia merely  a  way  station  on  the  road  to  New  York.  Bills  to  secure 
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government  credit  for  the  projected  railroads  were  several  times  in- 
troduced and  powerfully  suppoi'ted.  Against  these  Mr.  Felton  made 
argument  after  argument,  pointing  out  with  all  the  force  at  his  com- 
mand that  the  situation  was  abnormal,  that  with  the  close  of  the  war 
traffic  would  subside  to  its  usual  volume,  which  could  not  support 
two  routes,  and  that  the  government  having  unjustly  confiscated  the 
property  of  those  who  had  invested  in  the  existing  railroads,  would  find 
itself  burdened  with  a  road  which  could  hardly  pay  its  operating  ex- 
penses. These  arguments  prevailed  but  not  without  strenuous  exer- 
tions on  Mr.  Felton's  part. 

The  mere  labor  of  conducting  the  immense  and  spasmodic  business 
of  the  government  with  the  railway  appliances  of  that  day  was  enor- 
mous, but  all  of  this  was  under  the  personal  supervision  of  Mr.  Felton. 
Moreover  the  demands  of  the  government  made  skilled  labor  the 
scarcest  of  commodities.  Enginemen  and  machinists  entered  the  gov- 
ernment service  and  their  places  had  to  be  supplied  by  men  possessing 
less  skill  and  experience  to  the  severe  derangement  of  railway  opera- 
tions. Again  the  necessities  of  war  caused  great  scarcity  of  materials 
of  every  kind.  The  quality  of  railway  equipments  rapidly  degenera- 
ted, and  towards  the  end  of  the  war  it  became  almost  impossible  to 
procure  even  inferior  locomotives  and  cars  at  any  price. 

Under  such  circumstances  accidents  were  necessarily  of  frequent 
occurrence,  and  to  Mr.  Felton,  working  under  a  storm  of  unjust  criti- 
cism, each  one  was  the  cause  of  the  utmost  anxiety  and  distress.  No 
man  could  be  more  exacting  toward  himself  nor  feel  his  responsibili- 
ties more  deeply  than  he.  It  is  little  wonder,  therefore,  that  after 
passing  through  an  unusually  severe  winter,  that  of  1864,  when  the 
bridge  over  the  Schuylkill  at  Grays  Ferry  was  burnt,  and  successive 
ice-freshets  in  the  Susquehanna  almost  stopped  travel  for  days  at  a 
time,  and  excessive  labor  disabled  most  of  the  officers  of  the  railroad 
so  that  the  whole  burden  fell  upon  the  president,  that  his  health  was 
undermined  and  in  the  following  autumn  he  suffered  a  shock  of  paral- 
ysis which  compelled  him  to  retire  from  work. 

It  is  worthy  of  note  that  the  first  hospital  cars  for  the  transporta- 
tion of  sick  and  wounded  soldiers  were  constructed  upon  the  plans  of  the 
sanitary  commission,  by  the  Philadelphia,  Wilmington  &  Baltimore  R. 
R. ,  and  used  upon  its  line  thus  originating  a  service  of  untold  value  in 
the  alleviation  of  suffering,  and  the  saving  of  life.  No  person  in  the 
service  of  the  company  ever  was  interested  in  any  government  con- 
tract, but  in  the  words  of  Gen.  Patterson  written  to  Mr.  Felton  "with 
you  and  with  the  officers  of  the  railroad  under  you,  to  sustain  the  gov- 
ernment appeared  to  be  a  labor  of  love." 

Almost  a  year  of  rest  so  far  restored  Mr.  Felton's  health  as  to  permit 
him  to  enter  once  more  upon  active  life.  In  September  1865,  he  became 
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President  of  the  Pennsylvania  Steel  Co. ,  the  lirst  concern  in  the  United 
States  to  attempt  the  manufacture  of  steel  rails  as  a  commercial  un- 
dertaking. It  is  very  rarely  that  the  pioneers  of  a  new  field  of  enter- 
prise survive  to  enjoy  its  success,  but  the  Pennsylvania  Steel  Co.,  has 
proved  an  exception  to  the  rule  and  has  grown  to  be  one  of  the  largest 
concerns  of  its  kind  in  the  United  States.  While  engaged  in  the  man- 
agement of  this  corporation  Mr.  Felton  was  not  inactive  as  a  railroad 
man.  He  served  as  director  of  many  railroads,  among  them  the  Phila- 
delphia, Wilmington  &  Baltimore  R.  R.,  the  Lehigh  Coal  &  Navigation 
Co.,  the  Northern  Pacific,  the  Ogdensburg-  &  Lake  Champlain  and 
several  others.  For  ten  years  he  was  a  director  of  the  Pennsylvania 
R.  R. ,  and  bore  a  considerable,  though  inconspicuous,  part  in  the  devel- 
opment of  that  great  corporation.  The  only  employments  of  a  political 
nature  which  he  ever  held  were  that  of  a  Commissioner  of  the  Hoosac 
Tunnel  from  1862  to  1865  by  appointment  of  Gov.  Andrew  and  that  of 
a  Commissioner  to  inspect  the  Pacific  Railroads  upon  their  completion 
in  1869  to  which  he  was  appointed  by  President  Grant.  Shortly  after 
his  retirement  from  railroading,  he  was  asked  by  the  representatives 
of  both  political  parties  at  his  home,  to  accept  an  election  to  Congress, 
but  this  he  declined. 

In  1881,  the  infirmities  of  age  began  to  be  felt  by  Mr.  Felton  and  he 
gradually  gave  up  all  his  positions  excepting  the  presidency  of  the 
Pennsylvania  Steel  Co.,  and  that  of  the  Delaware  R.  R. ,  Co.,  the  du- 
ties of  which  he  was  able  to  discharge  until  a  short  time  before  his 
death.  His  last  days  were  passed  with  a  cheerful  and  serene  mind, 
though  in  gradually  failing  bodily  health.  Just  before  midnight  on 
the  24th.  of  January  1889,  he  passed  away,  without  enduring  any  suffer- 
ing other  than  that  inseparable  from  weakness  and  prostration  of  body. 
It  is  given  to  few  men  to  win  as  he  did  a  marked  success  as  a  teacher, 
as  an  engineer,  as  a  railroad  president  and  as  manufacturer.  Fewer  still 
perhaps  enjoy  so  entirely  the  respect,  the  confidence  and  the  affections 
of  all  who  know  them.  And  with  him  those  who  knew  him  best  hon- 
ored him  most. 
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MONTANA  SOCIETY  OF  CIVIL  ENGINEERS. 


February  13,  1892:— The  regular  Monthly  Meeting  of  the  Montana 
Society  of  Civil  Engineers  was  held  Feby.  13,  1892.  Meeting  called  to  or- 
der at  8  P.  M.      Mr.  Keerl  in  the  chair. 

Present:    Messrs.  Hovey,  Cumming,  Sizer,  Wheeler  and  Jones. 

Minutes  of  the  Annual  Meeting  were  read  and  approved. 

Application  of  Mr.  Thos.  Weir  was  read  and  referred  to  the  Board  of 
Trustees.  Application  of  Mr.  Gutelius  was  read  a  second  time,  and  said 
application  having  received  the  approval  of  all  Trustees,  a  ballot  was  or- 
dered but  the  issuance  of  said  ballot  was  ordered  deferred  for  one  month. 

Mr.  Keerl,  as  chairman  the  Committee  on  connection  lines  of  mineral 
surveys,  reported  progress.  Being  somewhat  in  doubt  as  to  what  were 
the  Society's  views  upon  the  subject,  he  invited  a  general  discussion. 
The  Committee  was  then  allowed  further  time  and  Mr.  Keerl  promised  to 
submit  a  report  with  the  views  of  the  Society  incorporated  therein  at  the 
next  monthly  meeting. 

The  Committee  on  Senator  Power's  Bill  No.  663  then  asked  permission 
to  withdraw  its  former  report,  as  it  desired  to  amend  former  recommenda- 
tions in  regard  to  the  rates  of  mileage  allowed,  by  increasing  and  classify- 
ing same.  On  motion  the  request  of  the  Committee  was  granted  and  the 
report  was  withdrawn. 

The  chairman  then  invited  general  discussion  as  to  what  rates  should 
apply  and  after  considerable  argument  pro  and  con,  the  following  rates 
were  settled  upon. 

Minimum  $14  $10  and  8S 

Intermediate  822  816  and  813 

Augmented  825  823  and  820 

Maximum  830  82S  and  824. 

The  reading  of  a  letter  from  Mr.  E.  L.  Corthell,  Chairman  of  the  Gen- 
eral Committee  of  Engineering  Societies  at  the  Columbian  Exposition, 
was  dispensed  with.  Mr.  Keerl  having  carefully  read  the  letter,  gave  a 
brief  resume  of  it,  and  upon  motion,  it  was  ordered  that  said  letter  and  the 
documents  accompanying  it  be  forwarded  to  Mr.  E.  H.  Wilson,  Society's 
representative  at  the  Columbian  Exposition  for  any  suggestions  that  he 
might  have  to  offer. 

Upon  motion  it  was  ordered  that  the  Secretary  remit  to  John  W. 
Weston,  editor  of  the  Journal  of  Associated  Societies,  as  soon  as  the  funds 
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of  the  Society  would  permit.      The  Secretary  was  also  instructed  to  sub- 
scribe for  index  to  said  Journal. 

Upon  motion,  Ex-Secretary  Keerl  and  Treasurer  A.  S.  Hovey  were 
allowed,  to  withdraw  their  reports  for  the  year  ending  Jany.  9,  1892,  in  or- 
der to  correct  a  clerical  error  therein. 

Upon  motion,  duly  seconded,  the  Society  adjourned  until  their  next 
regular  meeting. 

F.  D.  Jones,  Secretary. 


March  12,  1892:—  The  Regular  Meeting  of  the  Society  of  Civil  Engi- 
neers was  held  on  March  12th,  1892,  in  the  office  of  Messrs.  Sizer  &  Keerl. 
The  meeting  was  called  to  order  by  2nd  Vice  President  J.  S.  Keerl. 

Members  present: — Foss,  Mc.  Rae,  Smith  and  Heron.  Mr.  Alexander 
as  a  visitor. 

Minutes  of  last  meeting  were  read  and  approved. 

Mr.  Weir's  application  was  read  a  second  time  and  ballots  were  order- 
ed to  be  issued  for  both  Mr.  Weir  and  Mr.  Gutelius. 

Committee  on  Connection  lines  reported  progress  and  stated  that  Mr. 
Wilson  promised  to  write  his  views  on  this  subject,  but  at  this  date  no  re- 
port had  been  received.  Mr.  McRae  also  reported  that  he  had  some  feat- 
ures which  he  wished  to  incorporate. 

Moved  that  Committee  be  granted  further  time  in  order  to  include  the 
views  of  Mr.  Wilson  and  Mr.  McRae. 

Committee  on  Public  Surveys  read  their  report.  It  was  moved,  sec- 
onded and  carried  that  the  report  be  referred  back  to  the  Committee  for 
further  consideration,  and  that  they  be  requested  to  report  at  a  called 
meeting  of  the  Society  to  be  held  on  March  26th,  1892. 

On  motion  duly  seconded  and  carried,  it  was  ordered  that  a  copy  of 
Mr.  Wilson's  letter  relative  to  the  Columbian  Exposition  be  forwarded  to 
the  alternate. 

Moved  and  seconded  that  the  correspondence  relative  to  the  Convent- 
ion to  be  held  in  Paris,  looking  to  the  improvement  of  canals  and  water- 
ways be  referred  to  the  Board  of  Trustees. 

The  Secretary  was  instructed  to  notify  members  in  arrears  for  dues 
since  1892  that  under  the  By-Laws  of  the  Society  they  were  liable  to  the 
penalty  of  suspension. 

Moved,  seconded  and  carried  that  the  Society  adjourn  subject  to  the 
call  of  the  Secretary. 

F.  D.  Jones,  Secretary. 


BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


February  17,  1892: — A  regular  meeting  was  held  at  the  American 
House,  Boston,  at  19:45  o'clock.     President  Stearns  in  the  chair.     Fifty- 
seven  members  and  twenty-eight  visitors  present. 
.     The  record  of  the  last  meeting  was  read  and  approved.' 

Messrs.  Frank  A.  Barbour  and  William  P.  Flatley  were  elected  mem- 
bers of  the  Society. 

The  Secretary  read  a  communication  in  relation  to  the  International 
Engineering  Congress  to  be  held  in  connection  with  the  Wrorld's  Fair  in 
1893,  giving  the  general  plan  as  proposed  by  the  Executive  Committee. 
The  communication  was  received  and  placed  on  file. 
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The  President  appointed  as  the  tellers  to  canvass  the  ballots  for  offic- 
ers at  the  annual  meeting,  Messrs.,  Dwight  Porter  and  A.  G.  Bobbins. 

Mr.  John  A.  Coleman  of  Providence,  exhibited  and  explained  a  de- 
vice for  a  catch-basin  trap.  The  Perpetual  Seal  Trap,  as  it  is  called,  is  a 
single  casting  which  may  be  applied  to  any  existing  form  of  city  catch- 
basin  without  change  of  brickwork.  The  advantages  claimed  for  this  trap 
are,  that  the  sewer  is  never  untrapped  even  when  the  men  are  cleaning 
the  basin  and  that  the  expense  of  refilling  with  water  to  maintain  the 
seal  is  saved. 

Mr.  William  E.  McClintock  read  a  paper  on  Highway  Construction, 
speaking  particularly  of  the  rock  formations  found  in  the  different  parts 
of  the  state  which  are  available  for  road  metal. 

Mr.  F.  E.  Foss  of  the  Institute  of  Technology  read  a  short  paper  up- 
on the  Course  of  Instruction  in  Highway  Engineering  at  the  Institute. 

Mr.  Henry  B.  Wood  read  a  paper  prepared  by  Mr.  Charles  R.  Cutter 
giving  an  outline  of  the  work  done  by  the  Paving  Department  of  Boston 
and  described  the  method  of  laying  macadam  in  use  in  Boston. 

Mr.  Wood  then  read  a  paper  prepared  by  himself  giving  the  results  of 
experiments  made  during  the  past  year  with  various  kinds  of  brick  pave- 
ments in  Boston.  He  also  described  the  methods  of  street  cleaning  and 
street  sprinkling  used  in  Boston.  Mr.  Wood  had  thrown  upon  the  screen 
a  large  number  of  views  illustrating  the  condition  of  the  streets  and  pave- 
ments in  various  cities  of  the  country  which  he  had  gathered  in  a  recent 
trip. 

Mr.  E.  W.  Howe  spoke  of  the  method  of  road  building  used  in  the 
Boston  Parks  and  gave  some  items  of  the  cost  of  building  and  main- 
taining. 

Mr.  Henry  Manley  gave  an  account  of  the  paving  work  done  by  con- 
tract on  the  streets  of  Boston  during  the  past  year. 

After  examining  a  model  of  a  sprinkling  cart  for  one  horse  used  in 
Paris,  exhibited  by  Mr.  H.  D.  Woods,  the  Society  adjourned. 

S.  E.  Tinkham,  Secretary. 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


363d  Meeting.  April  6,  1S92:— The  club  met  at  8  p.  m.  at  the  club 
rooms.  President  Johnson  in  the  chair,  twenty- three  members  and  two 
visitors  present.  The  minutes  of  the  362nd  meeting  were  read  and  ap- 
proved.   The  executive  committee  reported  the  doings  of  its  128th  meeting. 

Messrs.  A.  A.  Stuart,  C.  B.  White  and  T.  L.  Condron  were  elected 
members  of  the  club. 

Capt.  C.  F.  Palfrey  was  proposed  for  membership. 

Prof.  Potter  reported  that  at  a  meeting  of  the  citizens'  committee  for 
the  abatement  of  the  smoke  nuisance,  an  executive  committee  of  fifteen 
had  been  appointed.  The  executive  committee  had  organized  and  elected 
the  following  officers:  President,  D.  L.  Kingsland;  vice-president,  C.  H. 
Sampson:  treasurer,  S.  M.  Kennard;  secretary,  C.  H.  Huttig.  Articles 
of  assocition  had  been  drawn  up  and  all  interested  in  the  subject  would  be 
given  an  opportunity  to  join. 

Mr.  E.  A.  Hermann  then  read  the  paper  of  the  evening,  on  "Steam 
Shovels  and  Steam  Shovel  Work." 

The  steam  shovel  is  not  a  very  old  machine;  its  general  use  dates 
m  about  1S75.      The  steam  shovel  for  railroad  use  only  differs  from 
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those  for  general  work  merely  in  being  mounted  on  standard  gauge  trucks. 
The  machinery  of  a  steam  shovel  works  either  through  positive  gearing 
or  through  friction  clutches.  The  latter  works  more  rapidly  and  is  better 
adapted  to  softer  materials,  but  heats  the  clutches  easily,  often  causing 
delays.  The  positive  gearing  machines  are  a  little  slower  but  more  relia- 
ble, especially  for  hard  material.  Steam  shovels  vary  in  capacity  of  dip- 
per from  rA  to  2  cubic  yards.  The  sketches  showed  manner  of  making 
cuts  of  different  depths  and  widths;  also  showed  the  plow  and  spreader, 
and  manner  of  using  them,  for  unloading  and  distributing  the  material 
loaded  on  cars  by  steam  shovels.    , 

Discussion  followed  by  Messrs.  Crosby,  Hermann,  Ockerson,  Wheeler. 

Mr.  Perkins  described  an  instance  of  the  delivery  pipe  from  a  boiler 
becoming  choked  with  scale.  Col.  Meier  cited  an  instance  where  the  in- 
trainment  was  14  per  cent. 

A  discussion  on  the  purification  of  the  city  water  was  taken  part  in 
by  Messrs.  Seddon,  Potter  and  Johnson. 

Prof.  Johnson  exhibited  the  first  scientific  book  on  the  truss  bridge, 
entitled  "Bridge  Building,"  by  S. "Whipple,  published  in  1847. 

For  the  next  meeting,  April  20,  a  paper  by  Mr.  B.  F.  Crow  on  "Ele- 
ments Involved  in  Rapid  Transit"  was  announced. 

Adjourned.  Arthur  Thacher,  Secretary. 

364th.  Meeting.  April  20,  1892:— The  club  met  at  8  p.  m.  at  the 
club  rooms,  President  Johnson  in  the  chair.  The  minutes  of  the  363d 
meeting  were  read  and  approved.  The  Executive  Committee  reported  the 
doings  of  its  129th  meeting.  Capt.  C.  F.  Palfrey  was  elected  a  member  of 
the  club. 

Mr.  B.  F.  Crow  then  read  the  paper  of  the  evening  on  "Elements  In- 
volved in  Rapid  Transit."  The  subject  was  divided  into  two  parts,  first, 
the  development  of  a  new  system,  and  second,  the  study  of  methods  to  in- 
crease the  efficiency  of  lines  already  in  existence.  The  second  method  is 
the  one  in  which  the  greater  number  are  interested.  One  of  the  greatest 
drawbacks  to  rapid  transit  has  been  the  poor  roadbeds  and  poorly  design- 
ed curves  which  answered  the  purpose  for  the  horse  cars  but  were  inade- 
quate for  the  present  system  The  terminal  facilities  was  another  point 
which  made  trouble  when  it  was  attempted  to  run  a  number  of  trains  with 
a  small  headway.  The  question  of  stops  was  one  which  presented  serious 
difficulty  to  obtaining  any  high  rate  of  speed.  The  paper  also  dwelt  on 
the  question  of  car  construction  and  showed  some  of  the  advantages  ob- 
tained by  newer  and  better  designs. 

Discussion  followed  by  Messrs.  Hermann,  Crow,  Seddon,  Moore,  John- 
son, Crosby,  Olshausen,  Maxon,  Colby,  Russel,  Woods. 

Moved  that  the  Executive  Committee  be  lequested  to  submit  a  list  of 
papers  that  they  think  desirable  for  the  club  to  subscribe  for. 

A  paper  by  Prof.  Howe  on  "The  Maximum  Stresses  in  Drawbridges" 
was  announced  for  the  next  meeting,  May  4. 

Adjourned.  Arthur  Thacher,  Secretary. 


WESTERN  SOCIETY  OF  ENGINEERS. 


289th.  Meeting.  March  2,  1892:— The  289th,  meeting  of  the  Society 
was  held  at  its  rooms,  78  LaSalle  street,  Wednesday  evening,  March  2nd, 
1892,  with  over  50  members  and  visitors  present.  President  Isham  Ran- 
dolph in  the  chair. 
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The  minutes  of  the  preceding  meeting  were  approved. 

The  Secretary,  reported  the  following  new  members  elected:  John  H. 
Burnham,  Joseph  A.  Watson. 

Applications  filed:  James  R.  Smedberg,  T.  N.  Conlin,  William  Shin- 
gleton,  George  Weston,  Fred'k  H.  Davies,  James  D.  Raynolds,  Robert  E. 
Orr,  Chas  N.  Roberts,  William  C.  Halliday. 

President  Randolph  stated  on  behalf  of  the  committee  on  the  "Rail- 
way Problem  of  Chicago"  that  it  was  expected  that  the  report  would  be 
ready  for  the  April  meeting,  the  absence  of  one  of  the  members  of  the  com- 
mittee prevented  its  completion  for  the  present  meeting. 

Letters  acknowledging  the  receipt  of  the  vote  of  thanks  moved  by  the 
Society  for  assistance  rendered  the  committee  on  Bridge  Legislation  were 
read  from  Mr.  James  Forest,  Secretary,  Institution  of  Civil  Engineers, 
London,  and  Mr.  Ernest  Pontzen,  of  Paris. 

A  letter  was  read  from  Mr.  O.  Chanute,  representing  the  Association 
of  various  Engineering  Societies  in  this  country,  extending  to  members  a 
cordial  invitation  to  attend  the  Fifth  International  Congress  for  Internal 
Navigation,  to  be  held  at  Paris,  France,  beginning  July  21st.,  1892,  and  to 
continue  for  ten  days.  Some  excursions,  are  included,  one  prior  to  the  Con- 
gress to  the  canals  and  ports  of  Northern  France,  and  another  after  the 
Congress  to  the  Canals  of  Central  France  and  to  Marseilles. 

The  letter  was  accompanied  by  copies  of  the  various  circulars  expla- 
natory of  the  Congress  etc.,  detailing  what  has  been  so  far  accomplished 
and  arranged. 

Owing  to  the  work  before  theSociety  the  President  suggested  that  it 
would  be  expedient  to  postpone  further  consideration  of  the  matter. 

A  communication  on  the  proposed  Engineering  Congress  of  1893  was 
receiver!  from  Mr.  E.  L.  Corthell,  Chairman  of  Executive  Committee,  ac- 
companied by  circulars. 

The  Secretary  next  presented  a  communication  from  Mr.  Francis  W. 
Parker,  on  the  subject  of  a  School  of  Technology  for  Chicago.  It  had  been 
the  subject  of  consideration  by  the  Board  of  Directors  who  decided  to 
place  it  at  once  in  the  hands  of  the  Society: 

Gentlemen: — As  Chairman  of  the  committee  recently  appointed  by  the 
Chicago  Electric  Club  for  that  purpose,  it  is  my  duty  and  pleasure  to  sub- 
mit to  you  the  following  communication: 

The  members  of  the  Chicago  Electric  Club  have  long  ardently  desired 
to  see  the  establishment  of  a  high  grade,  fully  equipped,  institution  of 
Technology  in  the  city  of  Chicago.  At  a  recent  meeting  the  subject  was 
fully  discussed  before  them  by  several  gentlemen  and  it  was  concluded 
that  the  time  had  arrived  when  such  a  project  could  be  safely  laid  before 
the  people  of  Chicago  by  the  several  engineering  societies  of  the  Jity.  The 
committee  of  which  1  have  the  honor  to  be  Chairman,  was  appointed  to 
take  into  consideration  the  matter  and  to  lay  it  before  the  Western  So- 
ciety of  Engineers  and  the  Society  of  Architects  of  this  city.  We  desire 
as  representing  the  Electric  Club  to  associate  ourselves  with  similar  com- 
mittees, one  from  the  Architects  and  the  other  from  your  Society  the  three 
committees  to  resolve  themselves  into  some  kind  of  a  body  which  should 
have  for  its  object  the  securing  of  apparatus  and  equipment  for  a  first- 
class  physical  laboratory  and  museum  of  mechanical  arts.  We  have 
thought  that  in  view  of  the  coming  of  the  World's  Fair  and  the  general 
activity  in  all  engineering  interests  it  would  not  be  difficult  to  secure  vast 
quantities  of  the  material  desired  for  this  purpose  and  practically  without 
expense.  WTe  have  been  encouraged  in  this  belief  by  the  offers  of  several 
persons  to  contribute  material  aggregating  in  value  a  number  of  thousand 
dollars.  We  are  disposed  to  speak  very  positively  for  the  electrical  indus- 
tries to  the  effect  that  they  will  furnish  free  of  cost  substantially  every- 
thing necessary  to  equip  a  physical  laboratory  so  far  as  such  institution 
may  need  material  and  appliances  made  by  manufacturers  of  electrical 
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machinery-  It  is  hoped  that  the  interests  with  which  your  members  are 
associated  would  be  equally  liberal  and  ready  to  assist  in  this  laudable  en- 
terprise. We  have  furthermore  already  secured  very  encouraging  pledges 
of  financial  support  and  we  think  that  the  sum  of  perhaps  $250,000  could 
be  raised  among  the  financial  men  of  Chicago  for  the  following  purposes: 
§150,000  for  a  physical  laboratory  building;  $50,000  for  a  Museum  of  Me- 
chanical Arts  connected  therewith,  and  $50,000  for  additional  equipments. 
In  the  course  of  our  examination  of  this  subject  we  have  received  encour- 
agement to  continue  from  the  fact  that,  when  approached,  the  officers  of 
the  University  of  Chicago  received  us  with  great  interest.  They  substan- 
tially offered  to  start  immediately  a  very  complete  technological  institu- 
tion and  to  furnish  the  grounds  and  all  of  the  expenses,  including  salaries 
and  the  like,  it  the  citizens  of  Chicago  will  give  to  them  the  buildings 
above  proposed  and  the  apparatus  and  equipment  for  such  laboratory  and 
museum  as  above  suggested.  It  appears  that  they  are  willing  to  proceed 
immediately  with  the  development  of  their  mathematical  department  and 
to  start  the  same  with  an  annual  expenditure  of  about  ten  to  eleven  thous- 
and dollars. 

They  have  secured  $150,000  for  a  chemical  laboratory  and  propose  in 
like  manner  to  forthwith  establish  their  chemical  department  and  expend 
theron  about  $12,000  to  $13,000  per  annum.  They  have  in  the  Ogden  es- 
tate, what  it  is  confidently  asserted  will  not  be  less  than  $500,000,  the  pro- 
ceeds of  which  will  shortly  be  placed  at  their  disposal  and  be  available  for 
the  purposes  of  pure  science.  Now  they  propose  as  I  understand  to  estab- 
lish immediately  some  or  all  of  the  engineering  courses;  to  put  at  the  head 
thereof  a  first-class  Professor  of  Physics  with  a  salary  of  $7000,  and  to  ex- 
pend on  such  engineering  courses  proper  about  $15,000  to  $16,000,  per  annum 
to  begin  with.  In  addition  to  this  they  will  of  course  have  all  of  the  usu- 
al faculties  of  a  University.  In  other  words  the  proposition  of  the  Uni- 
versity of  Chicago  is  practically  to  proceed  at  once  with  the  establishment 
of  a  technological  institution  spending  $10,000  to  $11,000  per  annum  on  the 
mathematical  department  and  $12,000  to  $13,000  per  annum  on  the  chemi- 
cal department,  $15,000  to  $16,000  per  annum  on  the  engineering  courses  or 
a  total  of  $37,000  to  $40,000  per  annum  as  a  beginning  on  what  is  properly 
technological  education,  or  an  absolutely  essential  part  thereof,  and  to 
furnish  the  grounds  free  if  the  citizens  of  Chicago  will  provide  them  with 
the  buildings,  appliances  and  apparatus  above  suggested.  If  the  Univers- 
ity will  thus  spend  $40,000  per  annum  at  the  start,  what  will  they  not  do 
in  the  future  especially  in  view  of  their  recent  new  endowment. 

We  ask  you  therefore  to  appoint  a  committee  which  committee  will 
be  prepared  to  act  with  our  committee  and  the  committee  to  be  appointed 
by  the  Architect's  Association,  in  formulating  a  plan  whereby  these  three. 
engineering  societies  may  co-operate  in  securing  for  this  technological  in- 
stitution a  suitable  equipment  for  the  laboratory,  work-shop  and  museum. 
When  this  plan  has  been  perfected  we  propose  with  you  to  lay  the  matter 
before  certain  interested  capitalists  and  philanthropists  and  present  to 
them  both  our  proposition  to  furnish  the  appliances,  apparatus  and  the 
like  and  the  proposition  of  the  University  of  Chicago  to  furnish  the  in- 
struction and  then  ask  them  to  furnish  the  $250,000  above  referred  to. 

It  is  believed  that  a  proposition  so  business  like  and  which  looks  to 
the  establishment  of  an  institution  so  imperatively  needed,  will  meet  with 
the  approval  of  all  of  the  manufacturing  and  engineering  interests  of  Chi- 
cago and  will  readily  receive  the  aid  of  the  men  before  whom  the  proposi- 
tion will  be  laid. 

Trusting  that  this  rude  outline  of  the  plan  proposed,  will,  so  far  meet 
your  approval  as  to  lead  to  your  co-operation  with  us,  I  have  the  honor,  in 
behalf  of  the  Electric  Club,  and  as  Chairman  of  its  committee,  to  respect- 
fully invite  you  to  appoint  a  committee  on  technological  education  and 
kindly  notify  me  of  your  action  in  that  behalf. 

With  great  regard  I  am,  gentlemen, 

Your  obedient  servant,  Francis  W.  Parker. 

Mr.  S.  G.  Artingstali,:—  This  is  so  important  a  matter  that  I  think 
we  cannot  at  the  present  time  give  it  due  consideration.  As  stated,  it  will 
be  right  and  proper  that  a  committee  be  appointed  to  represent  this  So- 
ciety, and  as  I  understand  there  are  seven  appointed  by  the  Electric  Club 
to  communicate  with  and  to  meet  any  committee  that  this  Society  may 
appoint:    I  move  that  the  President  appoint  a  committee  of  seven  to  take 


SJ22  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

this  matter  into  consideration  and  report  at  the  next  meeting.  Motion 
was  seconded  and  carried. 

The  President  appointed  the  committee  as  follows:  J.  P.  Wallace, 
Sam.  C.  Stickney,  S.  S.  Greeley,  W.  S.  Bates,  Willard  A.  Smith,  L.  P. 
Morehouse,  H.  L.  Bridgman. 

Me.  Gottlieb: — Before  I  read  my  paper  I  would  like  to  ask  what  ac- 
tion has  been  taken,  concerning  the  resolution  introduced  at  our  Decem- 
ber meeting  by  Mr.  Purdy  in  relation  to  Iron  and  Steel  in  our  high  build- 
ings. 

On  a  reply  being  made  that  the  resolution  was  laid  over  for  future 
consideration;  Me.  Cooley  moved  that  the  resolution  be  adopted.  Sec- 
onded and  carried. 

A  short  paper  was  then  read  by  the  Secretary,  on  the  ''King  of  Salt 
Lakes"  by  Mr.  Geoege  W.  Waite,  after  which  Me.  Gottlieb  read  the 
paper  entitled:     "The  Behavioe  of  Ibon  Columns  Dndee  High  Tem- 

PEBATTJBES." 

Me.  Abtingstall:  remarked  upon  the  value  of  the  paper,  but  owing 
to  the  many  experiments  and  data  contained  in  it,  it  is  practically  impos- 
sible to  follow  the  reading  and  to  digest  it  and  be  able  to  discuss  it  intelli- 
gently. One  thing  brought  out  in  the  paper  he  welcomed:  the  question 
as  to  the  desirability  and  availability  of  cast  and  wrought  iron.  He  had 
many  times  had  doubts  whether  to  use  cast  iron  or  wrought  iron  to  carry 
out  certain  purposes.  Not  more  than  perhaps  two  years  ago  he  had  cer- 
tain work  to  do  for  which  he  used  steel  for  girder  purposes.  But  thought 
he  had  possibly  made  a  mistake,  and  that  he  had  better  have  used  cast 
iron.  Steel  was  liable  to  fractures  and  it  was  also  liable  to  a  good  deal  of 
deterioration  from  not  only  atmospheric  influences,  but  some  other  influ- 
ences which  he  could  not  calculate;  cast  iron  would  have  made  greater 
sections,  but  it  was  not  altogether  a  matter  of  cost.  The  paper  seems  to 
question  whether  wrought  iron  or  cast  iron  is  better  for  columns.  He  re- 
peated that  the  paper  was  so  loaded  with  statistics  and  experiments  that 
it  is  impossible  to  follow  it  up  and  discuss  it  intelligently,  and  that  he 
would  ltke  to  see  it  in  print  and  speak  on  it  in  the  future. 

Mr.  Gottlieb:  stated  that  of  course  he  had  drawn  his  own  conclu- 
sions from  the  paper,  otherwise  he  would  not  have  tackled  it.  On  the 
other  hand,  he  did  not  wish  to  give  his  opinion  before  anybody  else  was 
ready  to  discuss  it.  He  was  induced  to  take  this  task  of  translation  be- 
cause we  are  now  in  the  midst  of  using  metals  for  architectural  purposes 
more  than  at  any  other  previous  time.  In  certain  quarters  there  are  ob- 
jections raised  to  the  use  of  cast  iron,  because  dangerous  in  the  case  of  fire. 
Now  we  are  using  steel  and  he  did  not  see  nor  could  he  say  whether  any 
of  these  results  from  testing  cast  iron  columns  will  not  apply  to  steel  col- 
umns; they  may  behave  entirely  different;  they  may  reel  from  one  towards 
the  other,  but  he  could  not  say  which  way.  It  has,  however,  demonstrat- 
ed one  fact,  that  a  column  protected  by  a  non-conductive  substance  out- 
side, a  quarter  of  an  inch  thick,  is  a  safeguard,  a  good  protection  for  ev- 
ery cast  iron  column  in  fire,  which  is  something  that  ought  to  be  consider- 
ed and  known, — what  might  be  the  difference  of  strength  of  columns,  pro- 
tected and  unprotected:  and  his  last  object  was,  that  if  a  committee  should 
be  appointed,  which  he  had  no  doubt  of  according  to  the  resolution  of  Mr. 
Purdy,  to  examine  this  matter,  the  paper  presented  might  be  some  help 
for  them,  showing  what  has  been  done  else  where. 

Adjourned.  John  W.  Weston,  Secretary. 


Editors  reprinting  articles  from  this  journal  are 
requested  to  credit  both  the  JOURNAL  and  the 
Society  before  which  such  articles  "were  read. 
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[Presented  May   11th.,  1892.] 

Chicago,  June  3rd.,  1891. 
To  the  Western  Society  of  Engineers. 

Your  Committee  appointed  on  the  4th.  of  June,  1890,  to  investigate 
and  report  upon  "The  Railway  Problem  of  Chicago  in  relation  to  Term- 
inals, Rapid  Transit,  Marine  Commerce  and  related  interests",  beg  leave 
to  submit  the  following: 

At  an  early  day  after  their  appointment,  the  Committee  in  consul- 
tation with  the  President  of  the  Society,  reached  the  conclusion  that 
unless  sufficient  financial  aid  could  be  obtained  from  the  railroad  com- 
panies whose  lines  converge  in  Chicago,  and  from  other  parties  inter- 
ested in  the  subject,  it  would  be  impracticable  to  secure  the  informa- 
tion necessary  to  an  intelligent  consideration  of  a  problem  so  difficult 
and  complex  as  that  referred  to  the  Committee,  and  such  as  the  Soci- 
ety contemplated. 

In  accordance  with  this  plan,  application  was  made  to  the  railroad 
companies,  and  subscriptions  were  obtained,  sufficient  in  amount  to 
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justify  the  Committee  in  their  opinion  in  proceeding  with  their  work. 

On  the  18th.  day  of  September,  1890,  the  Committee  completed  its 
organization  by  the  appointment  of  Mr.  Isham  Randolph  as  Treasurer 
and  Secretary. 

Offices  were  secured,  and  Mr.  E.  Philbrick  was  employed  as  engin- 
eer in  charge,  on  whom  was  devolved  the  duty  of  collecting  data  of 
all  kinds,  and  also  making  such  computations  and  tabulations  as  the 
Committee  from  time  to  time  deemed  necessary. 

Subscriptions  were  made  to  the  leading  scientific  publications  and 
all  official  documents  throughout  this  country  and  Europe  relating  to 
the  subject  were  sought  to  be  obtained,  and  those  portions  of  them 
which  contained  information  useful  to  the  Committee  were  indexed 
ifor  ready  reference. 

After  the  close  of  the  hot  season  and  return  from  summer  vacation, 
ithe  Committee  met  regularly  on  the  first  Monday  of  each  month  un- 
til December  when  it  was  decided  to  meet  on  the  1st.  and  3rd.  Mon- 
days of  each  month. 

On  the  2nd.  of  October  the  following  communication  was  addressed 
to  each  member  of  the  Society: 

Dear  Sir: — 

This  Committee  having  entered  upon  the  discharge  of  the 
duties  outlined  for  it  in  the  resolution  of  the  Society,  desires  to  avail 
itself  of  all  feasible  means  to  insure  a  satisfactory  report. 

To  this  end  it  cordially  invites  your  co-operation,  should  you  have 
leisure  and  sufficient  interest  in  the  Society  and  subject  to  contribute 
to  the  fund  of  information  needed. 

This  Committee  would  greatly  appreciate  well  considered  suggest- 
ions respecting  any  branch  of  the  problem,  and  if  complete  plans  giv- 
ing diagrams  of  strains,  sizes,  and  forms  of  material,  and  also  estimates 
of  cost  are  presented,  which  are  accurate  and  in  the  judgment  of  the 
Committee  applicable  and  feasible,  due  credit  will  be  given  to  the  au- 
thor in  its  report. 

Its  work  is  not  as  individuals,  but  only  as  members  of  the  Society, 
whose  welfare  in  common  with  yourself  it  desires  to  promote,  there- 
fore feels  at  liberty  to  solicit  the  aid  of  each  member.  Should  you 
oblige  the  Committee  and  Sqciety  with  suggestions  or  plans  and  esti- 
mates, kindly  do  so  as  early  as  practicable,  not  later  than  February 
1st.  1891. 

Please  acknowledge.  Yours  Truly, 

Isham  Randolph,  Secretary. 

Fifty-seven  acknowledgments  were  received,  but  one  member  on- 
ly, Mr.  Geo.  W.  Waite,  presented  formal  suggestrons. 

At  the  meeting  on  the  19th.  of  January  it  was  determined  that  it 
would  be  very  advantageous  to  make  a  personal  examination  of  the 
terminals  existing  and  under  construction  at  Baltimore,  Philadelphia 
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Jersey  City,  New  York  and  Buffalo,  and  also  en  route  to  visit  the  St. 
Clair  Tunnel. 

Arrangements  were  accordingly  made  and  on  the  19th.  of  March  '91, 
the  Committee  accompanied  by  Mr.  L.  E.  Cooley,  President  of  the  So- 
ciety, and  Mr.  J.  F.  Wallace,  Vice  President,  left  Chicago  via  B  &  O. 
R.  R.,  in  the  Santa  Fe  official  car  No.  201,  placed  at  their  disposal 
through  the  courtesy  of  Mr.  Allen  Manvel,  President. 

Col.  Henry  T.  Douglas,  Chf.  Engr.,  arranged  with  Mr.  Thomas  M. 
King,  2nd.  Vice  President  of  the  B  &  O.  R.  R.  Co.  for  our  transporta- 
tion to  Philadelphia. 

The  Committee  reached  Baltimore  on  the  evening  of  March  20th. 
The  next  morning  they  visited  the  general  offices  of  the  B.  &  O.  R.  R.,- 
and  were  received  with  cordial  consideration  by  the  officers  of  the  Com- 
pany. 

After  a  conference  with  Mr.  Orland  Smith,  Vice  President,  an  offi- 
cial invitation  by  Col.  Douglas  was  accepted  to  accompany  him  and 
inspect  their  harbor  terminals  and  transfer  system  by  steam  barg'es. 
This  inspection  gave  an  admirable  idea  of  the  manner  of  interchange 
between  land  and  marine  transportation  on  Patapsco  Bay. 

Also  the  Belt  Railroad,  a  double  track  tunnel  now  in  process  of  con- 
struction by  the  B  &  O.  Co.,  was  visited  and  examined. 

At  Philadelpia  on  the  23rd.  and  24th.  of  March,  a  very  complete  ex- 
amination was  made  by  water  and  rail  of  the  railway  and  marine  term- 
inals in  that  city;  Mr.  Brown,  Chf.  Engr.  and  Mr.  Joseph  T.  Richards, 
of  the  Pennsylvania  Rd.  kindly  providing  us  with  information  and  fa- 
cilities, and  they  also  arranged  for  our  transportation  to  Jersey  City 
and  gave  us  general  plans  of  the  elevated  system  now  being  substitut- 
ed at  that  terminus  of  the  Pennsylvania  Rd.  for  the  surface  system. 

The  great  and  costly  changes  made  in  Philadelphia  and  Jersey  City 
from  surface  grades  to  elevated  tracks,  securing  thereby  economy  and 
dispatch  in  the  movement  of  trains,  and  avoiding-  danger  to  human  life, 
impressed  us  very  deeply  as  the  result  of  the  experience  of  able  and 
judicious  management. 

On  the  26th.  of  March  a  careful  and  complete  examination  was  made 
of  the  railway  terminals  on  New  York  Bay  and  the  methods  of  trans- 
fer and  delivery  of  freight  by  barges  to  New  York  and  Brooklyn.  It 
is  worthy  of  memion,  as  an  illustration  of  this  class  of  terminal  facil- 
ities that  the  Pennsylvania  Co,,  makes  freight  deliveries  at  148  places 
in  those  cities  and  the  other  companies  necessarily  delivering  in  the 
same  manner. 

On  the  27th.  the  System  of  Rapid  Transit  elevated  railways  in  New 
York  and  Brooklyn  and  also  the  entrance  of  the  N.  Y.  C.  &N.  Y.  &  H. 
R.  Rds.  into  New  York,  through  the  4th.  Ave.  Improvement  were  ex- 
amined. 
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The  "4th.  Ave.  Improvement"  is  4J  miles  long  extending  from  Har- 
lem River  to  the  Grand  Central  Depot  at  42nd.  St.  (for  details  see  Sci- 
entific American,  Nov.  14th.    1874). 

The  construction  of  this  great  work  is  in  tunnels,  depressed  open 
cuts,  and  viaducts.  The  object  of  it  is  to  secure  an  entrance  to  the 
heart  of  New  York  City  without  crossing  any  of  its  streets  at  grade  so 
as  to  secure  dispatch  and  economy,  and  to  avoid  danger  to  human  life. 
This  was  the  first  very  costly  railway  construction  in  this  country  for 
those  purposes,  and  the  expense  was  borne  equally  by  the  railroads 
and  the  City  of  New  York. 

The  facilities  for  making  these  examinations,  valuable  data,  and  al- 
so our  transportation  via  West  Shore  Rd. ,  to  Buffalo,  were  provided 
by  Mr.  J.  D.  Layng,  Gen'l  Manager,  and  Mr.  Walter  Katte,  Chf.  Engr. 
of  the  Hudson  River  &  W.  S.  Rd.  At  New  York  we  were  also  indebt- 
ed to  Mr.  Andrew  H.  Green. 

At  Buffalo  on  the  29th.  of  March  the  railway  and  marine  terminals 
were  examined  and  by  the  courtesy  of  Mr.  Guthrie,  Asst.  City  Engi- 
neer, very  valuable  information  was  obtained  in  respect  to  the  railway 
problem,  in  that  city,  which  is  quite  analagous  to  that  of  the  city  of 
Chicago,  though  the  conditions  are  much  less  stringent. 

In  Buffalo,  by  special  act  of  the  Legislature,  a  Commission  has  been 
created,  composed  of  9  members,  under  whose  supervision  the  proposed 
plans  of  relief  will  be  carried  into  effect. 

From  Buffalo  to  Chicago,  transportation  was  kindly  provided  by 
Mr.  L.  J.  Sargent,  Gen'l  Manager  of  the  Grand  Trunk,  and  Mr.  W.  J. 
Spicer,  Gen'l  Manager  of  the  Chicago  &  Grand  Trunk,  at  the  kind  sug- 
gestion of  Mr.  Geo.  B.  Reese,  Traffic  Manager. 

Through  the  courtesy  of  Mr.  Joseph  Hobson,  Chf.  Engr.  the  Com- 
mittee were  enabled  to  make  a  critical  examination  of  the  St.  Clair 
Tunnel;  passing  through  it  twice  in  company  with  Mr.  Hobson. 

Having  far  more  than  realized  the  advantages  anticipated,  the  Com- 
mittee arrived  at  Chicago  on  the  31st.  of  March. 

Although  all  the  members  of  the  Committee  have  had  for  many 
years,  intimate  professional  knowledge  of  the  railway  and  marine  ter- 
minals and  city  transit  in  Chicago  and  more  recently  of  the  proposed 
elevated  rapid  transit  roads,  they  have  individually  and  in  Committee, 
carefully  re-examined  them  since  their  appointment. 

Through  the  courtesy  of  Mr.  O.  B.  Green,  who  provided  a  tug  for 
the  purpose,  the  Committee  made  a  very  complete  re-examination  of 
the  river  harbor  and  its  slips;  also  of  the  outer  harbor  and  breakwater, 
constructed  by  the  General  Government. 

This  review  of  the  Chicago  harbors  having  been  made  immediately 
after  the  examinations  of  the  terminals  and  harbors  at  the  East,  as  be- 
fore stated,  the   Committee  found  that  the  information  they  had  so 
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gathered  was  very  useful  in  preparing  them  to  consider  the  conditions 
at  Chicago,  as  they  now  exist;  having  also  before  them  the  census 
statistics  of  its  marvelous  growth  in  commerce  and  population. 

The  Committee  has  further  availed  itself  of  the  latest  scientific 
publications  touching  all  the  questions  of  construction  such  as  the  var- 
ious forms  of  tunnels,  elevated  rapid  transit  railways  and  viaducts;  al- 
so the  application  of  power  to  each. 

Complete  plans  and  estimates  of  cost,  in  detail  have  been  considered; 
including-  the  work  done  by  the  Government  on  the  outer  harbor  of 
Chicago  and  similar  works  elsewhere. 

The  Committee  has  not  understood  that  they  are  expected  to  sub- 
mit as  a  result  of  their  investigations,  any  plans  or  estimates  in  de- 
tail as  a  part  of  their  report,  but  on  the  contrary  merely  to  avail  them- 
selves of  them  as  of  the  many  other  factors  that  came  to  their  notice 
on  which  their  general  opinions  and  suggestions  are  founded. 

The  subject  covered  by  the  resolution  appointing  this  Committee, 
naturally  divides  itself  into  five  principal  branches. 

First,  the  Harbor:  Second,  Rapid  Transit:  Third,  Railway  Termi- 
nals. 

Included  in  the  second  and  third  is  first  elevated  and  depressed  rail- 
ways; and  second  application  of  power  and  the  relation  of  all  the  con- 
ditions to  the  main  subject,  namely  the  Railway  problem  of  Chicago. 

There  is  no  question  made  that  the  existing-  means  to  perform  the 
work  in  each  branch  of  the  subject  as  above  outlined,  are  inadequate 
even  to  the  present  demands,  and  that  each  and  all  of  them  and  their 
relations  to  each  other  are,  in  their  operation,  too  costly  and  hazard- 
ous to  human  life,  and  unsatisfactory,  and  a  revision  of  them  is  string- 
ently demanded. 

It  is  understood  that  these  matters  are  to  be  considered  mainly  in 
the  commercial  relations  of  Chicago  with  the  country  at  large  and  the 
world;  also  forecasting  the  future  of  the  city's  local  needs. 


NATURAL  CONDITIONS  EXISTING  IN  CHICAGO    COMPARED 
WITH  NEW   YORK. 

The  physical  or  topographical  features  of  New  York  are  in  striking 
contrast  to  the  natural  conditions  which  obtain  in  Chicago.  New  York 
is  built  upon  a  rock-ribbed  island,  13^  miles  in  length  and  2£  miles  in 
greatest  width,  averaging  1^.  It  lies  well  above  the  waters  which 
environ  it;  waters  sufficient  in  depth  to  float  the  largest  ocean  craft 
and  so  land  locked  as  to  afford  a  safe  and  ample  harbor  for  the  vast 
commerce  which  has  made  New  York  the  empire  city  of  the  western 
world. 

Her   area  is  fixed  and  determined  by  natural  barriers  and  her  limit 
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of  growth  has  been  almost  reached  upon  the  surface,  and  the  increas- 
ing congestion  is  bringing  home  to  her  people,  the  maxim  of  ambition, 
"There  is  always  room  at  the  top,"  and  the  time  has  come  when  if  they 
are  to  spread  it  must  be  upward.  In  preparing  the  surface  for  streets 
and  buildings  there  has  been  a  vast  outlay  made  in  blasting  the  trap 
rock  and  excavating  to  secure  proper  grade  lines  and  one  of  the  prob- 
lems connected  with  this  work  has  been  how  to  dispose  of  the  material 
which  had  to  be  displaced.  Chicago,  on  the  other  hand,  has  risen  from 
the  marshes  and  although  underlaid  with  rock,  it  is  far  below  the  sur- 
face, and  is  seldom  reached  by  foundations  required  for  buildings  of 
any  character;  although  sometimes  where  piles  of  great  length  are 
used,  their  points  reach  the  limestone.  Chicago  has  its  great  lake 
and  its  narrow  shallow  river  and  an  outer  harbor  built  by  the  Govern- 
ment, but  neither  commodious  nor  safe.  The  river,  while  it  has  been 
a  most  important  factor  in  the  building  of  the  cit}7,  as  affording  docks, 
and  wharfage,  has  year  by  year  become  an  ever  increasing  disturbance 
to  urban  life  by  reason  of  the  interruption  to  the  intercourse  between 
the  three  great  divisions  of  the  city  which  its  commerce  creates.  So 
great  is  the  loss  and  damage  due  to  this  constant  interruption,  or  as  it 
is  termed,  "bridge  nuisance,"  that  the  question  of  whether  the  con- 
tinuance of  the  river  traffic,  as  at  present  conducted,  is  not  a  source 
of  greater  loss  to  the  community  at  large  by  reason  of  its  interruption 
to  street  traffic  than  can  be  compensated  by  the  commercial  results  of 
the  rivers's  navigation,  is  open  to  debate. 

Chicago  differs  from  New  York  in  her  area,  available  for  buildings. 
She  has  within  her  corporate  limits,  160.57  square  miles. 

While  New  York  has  had  to  incur  considerable  expense  in  getting 
rid  of  surplus  earth  and  stone,  the  problem,  with  Chicago  has  been,  how 
to  secure  material  for  raising  her  surface  above  the  line  of  lake  over- 
flow. New  York  is  the  great  gateway  to  the  world's  traffic;  Chicago 
the  great  inland  center  of  the  wealth  and  influence  of  the  western  ag- 
gregation of  states.  When  we  come  to  compare  the  manner  of  doing 
business  in  the  two  cities,  the  contrast  is  even  more  striking;  but  two 
railroads  have  a  right  of  way  entrauce  into  New  York,  the  N.  Y.  C.  & 
H.  R.  Ry.  and  the  N.  Y.  N.  H.  &  H.  R.  R.  and  New  Haven  has 
a  freight  line  along  the  Hudson  River  water-front  as  far  as  59th.  street 
and  from  there  on  to  27th.  street  it  occupies  11th.  Ave.  Its  passenger 
line  enters  the  city  at  134th.  street,  where  it  crosses  Harlem  River  and 
from  which  point  of  entrance  it  occupies  4th.  Ave.  as  far  as  42nd. 
street.  The  freight  line  is  a  surface  track,  the  passenger  line  by 
viaduct,  depressed  track  and  tunnel:  crossing  none  of  the  streets 
of  the  metropolis  at  grade. 

The  New  York  and  New  Haven  R.  R.  has  freight  yards  at  the  cross- 
ing of  the  Harlem  River  north  side,  but  it  uses  the  passenger  tracks  of 
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the  N.  Y.  C.  &  H.  R.  R.  and  shares  the  Grand  Central  Station  with 
that  Company. 

Three  lines  of  elevated  R.  R.  traverse  the  length  of  the  island;  the 
most  extensive  from  155th.  street  to  the  Battery,  about  ten  miles. 
There  is  no  daily  slaughter  of  the  innocents  at  the  street  crossings  in 
New  York.  Life  has  been  made  safe  from  the  swift  wheels  of  the 
railroads  by  an  immense  outlay  of  money;  an  outlay  borne  in  fair  pro- 
portions by  the  railway  and  the  city,  although  only  one  railway  en- 
ters her  streets,  she  does  not  suffer  in  her  commerce  from  that  fact, 
for  the  opposite  shores  of  her  surrounding  waters  are  lined  with  rail- 
road terminals  and  from  these  fleets  of  barges  in  tow  of  powerful  tugs 
bring  to  her  wharfs  and  warehouses  at  hundreds  of  places,  the  products 
of  the  mine,  the  forest  and  the  field,  the  loom,  the  foundry  and  the 
rolling  mill:  labors  coarsest  results  and  arts  highest  triumphs.  These 
deliveries  are  made  with  a  promptness  and  system  which  is  most  ad- 
mirable. No  grade  crossings,  and  no  crowded  railroad  tracks  obstruct 
the  movement.  A  glance  at  the  map  of  Chicago,  presents  a  very  dif- 
ferent condition;  the  lines  of  tracks  are  interwoven  most  intricately 
and  in  several  localities,  monopolize  extensive  areas.  In  Chicago  95 
per  cent,  of  the  street  crossings  are  at  grade  and  the  grade  crossings  of 
the  roads  with  each  other  add  immensely  to  the  danger  to  life  and  limb, 
and  make  the  burden  of  delay  to  traffic,  a  costly  item  in  the  operating 
expenditures  of  the  roads.  Chicago  is  crossed  from  west  to  east  by 
lines  of  railway  on  Kinzie  street,  16th.  street  and  39th.  street.  It  is 
environed  by  a  belt  line  within  the  corporate  limits,  21  distinct  rights 
of  way  converge  in  lines  centering  in  six  great  terminals  in  the  heart 
of  the  city.  One  of  these  terminals  affords  facilities  to  six  different 
roads,  another  to  five,  two  others  to  three  each  and  another  to  four. 

The  C.  &  N.  W.  alone  of  the  owners  of  terminals  here  accommodates 
no  tenants. 

The  facts  already  stated  show  that  the  existing  railroad  conditions 
in  Chicago  involve  great  sacrifice  of  human  life.  To  change  these 
conditions  is  simply  a  question  of  vast  expenditures  of  money.  There 
are  no  engineering  problems  involved  requiring  originality;  all  of  the 
forms  of  construction  being  well  known  and  in  use  in  other  great 
cities. 


MARINE  GOMMERCE  AND  RELATED  INTERESTS. 


A  proper  consideration  of  the  magnitude  and  character  of  the  pro- 
visions that  will  ultimately  be  necessary  to  handle  the  Marine  Com- 
merce of  Chicago  and  their  relation  to  local  traffic  and  to  railway 
transportation  requires  that  we  take  up  briefly  the  salient  facts  affect- 
ing these  provisions  grouped  in  order  under  the  following  heads: 
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1.  The  field  possible  to  water  carriage  of  freight  through  the 
medium  of  the  great  lakes. 

2.  Facilities  for  navigation  throughout  the  chain  of  lakes. 

3.  The  magnitude  of  lake  freight  traffic. 

4.  The  character  and  number  of  craft  employed  in  this  traffic. 

5.  Cost  of  water  carriage  on  the  lakes. 

6.  Lake  commerce  of  the  port  of  Chicago. 

7.  Facilities  afforded  navigation  at  the  port  of  Chicago. 

POSSIBLE     FIELD. 

1.  As  is  well  known,  the  field  which  invites  navigation  with  the 
ports  of  the  Great  Lakes  as  foci,  is  not  circumscribed  by  the  links  of 
the  mighty  chain  beginning  with  Michigan  and  Superior,  at  Chicago 
and  Duluth,  and  ending  with  Ontario  at  Kingston;  but  it  narrows  to 
the  St.  Lawrence  at  the  lower  end  of  Lake  Ontario  and  continues  down 
this  magnificent  River  to  the  Atlantic  Ocean,  where  it  broadens  to  the 
Boundaries  of  the  world's  high  seas.  Or  it  may  follow  the  line  of  the 
New  York  canals  and  the  Hudson  river  to  the  port  of  New  York,  thus 
joining  the  Commercial  metropolis  of  the  Interior  to  that  of  the  Atlan- 
tic Coast  by  deep  water  channels  made  wholly  through  home  territory. 

By  one  or  both  of  these  routes  the  ports  of  the  fresh  water  seas  of 
the  American  continent  may  be  opened  to  the  marine  commerce  of  the 
world,  the  Chicago  and  Duluth  become  the  distributing  points  for 
goods  brought  from  the  most  remote  parts  of  the  earth,  but  most  of 
all  they  become  the  seaports  for  the  heavy  freight  from  the  interior  of 
the  continent  seeking  a  market  on  the  Alantic  coast  and  in  the  trans- 
atlantic. 

LAKE  NAVIGATION. 

2.  The  facilities  for  navigation  of  the  great  lakes  was,  in  a  state 
of  nature,  limited.  As  is  well  known,  it  was  impossible  at  Niagara 
Falls;  and  greatly  obstructed  by  the  rock  ledge  at  the  Lime  Kilns;  at 
the  St.  Clair  river  and  flats  there  was  originally  but  10^  feet  depth  of 
water;  it  was  also  impossible  at  the  Sault  St.  Marie  Falls. 

By  improvement  of  the  natural  water  ways  and  the  building  of 
canals,  transportation  is  now  open  from  Montreal  to  Chicago  and 
Duluth.  By  the  deepening  of  the  St.  Lawrence  river  below  Montreal 
that  city  has  been  made  a  seaport  for  the  largest  ocean  vessels.  The 
U.  S.  government  has  deepened  the  Detroit  river  at  the  Lime  Kilns  to 
20  feet  and  is  engaged  in  deepening  the  St.  Clair  flats  and  river  to  the 
same  depth;  and  is  building  a  lock  at  the  Sault  St.  Marie  Falls  with  21 
feet  of  water  over  the  miter  sill.  This  improvement  being  referred  to 
a  new  reference  plane  1.3  feet  lower  than  the  old  one,  thus  making  the 
new  lock  6.3  feet  deeper  than  the  lock  through  which  the  present  Lake 
Superior  traffic  is  being  carried  on,  which  has  a  depth  referred  to  the 
new  datum  plane  of  14.7  feet.     When  these   works  are  completed  the 
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lakes  above  the  Niagara  Falls  will  be  navigable  for  vessels  which  can 
pass  through  20  feet  depth  of  water.  The  Welland  canal  around  Ni- 
agara Falls  on  the  Canadian  side  has  14  feet  depth  of  water  and  the 
Canadian  government  is  improving  the  St.  Lawrence  river  to  the  same 
depth  by  means  of  locks,  and  canals,  and  by  deepening  the  bed  of  the 
river.  Many  projects  have  been  made  for  securing  20  feet  depth  to 
Montreal,  and  the  Atlantic  Ocean,  for  the  details  of  which  reference  is 
made  to  an  abstract  of  a  paper  by  Mr.  E.  L.  Corthell  read,  before  this 
Society,  April  8th,  1891,  entitled,  -'An  Enlarged  Waterway  to  the  Sea- 
board;" also  to  a  paper  entitled  the  "Radical  Enlargement  of  the  Arti- 
ficial Waterway  between  the  Lakes  and.  the  Hudson  River,"  read 
before  the  American  Society  of  Civil  Engineers  by  Mr.  E.  Sweet,  State 
Engineer  of  New  York,  in  June,  1884. 

The  interest  which  this  subject  has  elicited  both  in  Canada  and  the 
United  States  indicates  that  the  time  is  not  far  distant,  measured  by 
the  life  of  cities,  and  of  nations,  when  even  more  than  20  feet  to  the 
Atlantic  seaboard  will  be  an  accomplised  fact.  Within  a  year  or  two, 
as  has  been  seen,  this  depth  will  obtain  for  all  the  lakes  above  the 
Niagara  Falls.  And  it  is  not  improbable  that  21  feet  may  be  had  in 
accordance  with  a  late  recommendation  of  Gen.  Poe.  He  estimates 
the  cost  of  obtaining  21  feet  depth  at  $3,339,567.96  as  against  $2,379,- 
•058. 00  for  20  feet.  He  urges  upon  Congress  the  appropriation  for  the 
greater  depth  because  the  "end  to  be  gained  by  its  expenditure  is  so 
important,  and  so  pressing  as  to  fully  justify  its  appropriation  even  in 
one  act." 

The  Marine  Review  of  July  16,  1891,  says  that  vessel  owners  of  the 
lakes,  and.  among  them  men  who  have  been  influential  in  securing  ap- 
propriations from  the  general  government  for  the  improvements  of 
inland  waterways  that  have  reduced  the  cost  of  transportation  in  a 
manner  amazing  to  the  entire  country,  are  about  to  lay  plans  for  a  20- 
foot  navis:atian  in  the  Erie  canal  at  a  cost  of  probably  $550,000,000,  and 
that  this  great  question,  so  many  times  discussed  on  paper,  is  now  for 
the  first  time  being  seriously  considered  with  a  view  to  bringing  it  be- 
fore Congress  by  the  men  who  instigated  the  building  of  the  St.  Mary's 
Falls,  and  St,  Clair  ship  canals,  and  the  enlargement  of  the  connecting 
waterways  of  the  lakes,  and  have  succeeded  in  showing  to  the  country 
the  wonderful  benefits  of  cheap  transportation.  It  further  says  that 
the  lake  interests  have  begun  to  look  with  favor  upon  an  undertaking 
that  involves  the  subjecting  of  costly  ships  to  the  delay  of  slow  navi- 
igation  in  lengthy  artificial  channels.  After  stating  that  there  is  now 
assured  to  the  chain  of  lakes  20  feet  of  water  between  Chicago, 
Duluth  and  Buffalo,  it  asks  of  what  usel  would  the  St.  Lawrence  canals 
be  as  a  direct  route  to  the  seaboard  when  Canada  does  not  propose  to 
do  more  than  to  increase  them  to  Welland  canal  size?      The  Welland 
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canal  has  only  14  feet  of  water  and  its  locks  will  not  admit  of  a  boat 
larger  than  265  feet.  To  the  practical  men  of  the  lakes  who  know 
that  the  class  of  boat  required  for  ocean  voyages,  or  even  for  the  coast 
trade,  must  be  cut  in  two  in  order  to  go  through  the  Welland  canal, 
this  argument  is  a  final  one,  but  the  great  objection  to  all  routes 
leading  into  the  Canadian  canals  below  Lake  Ontario  is  that  they  pro- 
pose a  Canadian  outlet  for  America's  greatest  inland  commerce.  It 
asks  whether  the  State  of  New  York  can  be  induced  to  turn  over  to 
the  general  government  the  Erie  canal  with  the  understanding'  that  it 
shall  be  improved  on  the  grand  scale  outlined? 

Since  this  was  published,  the  movement  alluded  to  has  taken  shape 
in  a  large  and  representative  convention  held  at  Detroit,  December  17, 
1891,  on  which  occasion  representatives  of  Lake  interests  from  St. 
Paul  to  Oswego  assembled  in  great  numbers.  The  following  were 
among  the  resolutions  passed  by  this  convention: 

"Resolved,  that  this  convention  does  hereby  respectfully  and 
earnestly  request  and  urge  Congress  to  authorize  the  immediate 
commencement  and  speedy  completion  of  an  unobstructed  channel  not 
less  than  twenty  feet  in  depth  and  of  sufficient  width  through  the 
lakes  and  their  connecting  waters  between  Chicago,  Duluth,  Superior 
and  Buffalo,  and  that  the  Secretary  of  War  be  authorized  to  make  con- 
tracts for  the  entire  work,  and  a  sufficient  sum  of  money  be  appro- 
priated therefor." 

Still  more  significant  was  the  following,  as  indicating  the  drift  of 
opinion  that  a  20  foot  waterway  must  be  had  through  our  own  terri- 
tory to  the  Atlantic  seaboard. 

"Whereas  every  consideration  of  prosperity  in  time  of  peace  and 
protection  in  time  of  war  demands  the  construction  of  a  waterway  of 
sufficient  capacity  to  allow  a  free  passage  of  vessels  drawing  twenty 
feet  of  water  through  our  own  territory  from  the  great  lakes  to  the 
Atlantic  ocean,  therefore; 

"Resolved,  That  we  request  Congress  to  authorize  the  Secretary  of 
War  to  cause  to  be  made  surveys,  examinations,  and  estimates  of  cost 
of  the  various  practical  routes  for  such  waterway,  with  a  view  to  de- 
termine the  one  which  is  most  advantageous,  and  that  a  sufficient  sum 
be  appropriated  to  defray  the  expense  of  such  surveys  and  examina- 
tions. 

Resolved,  That  this  convention  strongly  favors  the  improvement 
of  the  Hudson  river  to  a  navigable  depth  of  twenty  feet  from  Cox- 
ackie  to  Troy." 

Since  the  adjournment  of  this  convention,  other  conventions  have 
been  held,  notably  a  farmer's  convention  at  Oswego,  making  similar 
demands,  and  the  appropriate  committee  has  been  active  in  bringing 
the  subject  before  Congress. 
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LAKE   CARRYING  TRADE. 

3.  A  conception  of  the  magnitude  of  lake  freight  carrying  trade 
as  it  exists  to-day  will  be  best  gained  from.  Tables  I.  and  II. ,  given  in 
the  Appendix  to  Marine  Commerce.  Statistics  partly  taken  from  the 
U.  S.  Census  Bulletin,  "Freight  Traffic  of  the  Great  Lakes,"  issued 
Jan.  31st,  1891,  and  partly  from  other  given  sources. 

The  Cargo  Tonnage  of  107  ports  on  the  Great  Lakes  for  1889,  ex- 
clusive of  the  Canadian  coastwise  trade,  was  27,460,260  tons.  16.41 
per  cent,  of  this  was  the  products  of  agriculture;  52.62  per  cent.,  pro- 
ducts of  mines  and  quarries;  0.24  per  cent.,  animal  products;  24.97  per 
cents.,  lumber;  and  5.76  per  cent.,  miscellaneous. 

The  average  distance  of  carriage  was  566  miles,  which  gives  15,- 
542,507,160  ton  miles.  The  railway  ton  mileage  of  the  United  States 
for  the  year  ending  June  30th,  1889,  was  68,727,223,146,  which  shows 
that  the  ton  mileage  of  the  lakes  is  equal  to  22.6  per  cent,  of  the  total 
ton  mileage  of  the  railways  of  the  United  States. 

The  total  traffic  of  the  107  lake  ports,  by  ports,  for  1889,  was  51,- 
202,106  tons,  of  which  the  tonnage  of  Chicago  was  7,984,038  tons,  or 
15.59  per  cent,  of  the  whole:  of  Buffalo,  13.14  per  cent. ;  Escanaba,  7.08 
per  cent. ;  of  Cleveland,  7.07  per  cent.;  and  of  Ashtabula,  5.26  per  cent. 
The  tonnage  for  no  other  lake  port  equals  5  per  cent,  of  the  whole. 

The  freight  tonnage  passing  through  the  SaultSt.  Marie  Falls  canal 
during  the  year  ending  June  30th,  1890,  was  8,288,580,  and  that  for  the 
Detroit  river  for  the  season  of  1889  was  19,717,860  tons. 

Table  III.  shows  the  tonnage  passing  the  Sault  in  1890  to  have  been 
31  per  cent,  greater  than  that  passing  through  the  Suez  Canal. 

The  tonnage  entrance  and  clearances  of  the  great  seaports  of  the 
world  for  1889  were :  New  York,  11,051,236  registered  tons;  all  sea- 
ports of  the  U.  S. ,  26,993,313  registered  tons  (foreign  trade  exclusively); 
Liverpool,  14,175,200  registered  tons,  of  which  4,096,703  tons  was  coast- 
wise commerce;  London,  19,245,417  registered  tons  of  which  7,334,599 
tons  was  coast-wise  commerce. 

(See  Report  of  the  Commissioner  of  Navigation  for  1890,  page  336) 
and  (Remarks  of  Hon.  George  H.  Ely  before  the  Committee  of  Com- 
merce of  the  U.  S.  Senate,  Feb.,  1890.) 

In  regard  to  the  tonnage  passing  through  the  Detroit  river,  it 
should  be  said  that  the  Marine  Review  has  during  the  past  j^ear  fre- 
quently stated  it  at  36,203,586  tons  as  against  19,717,860  tons  given  by 
the  U.  S.  Census.  In  answer  to  an  inquiry  as  to  how  so  great  a  dis- 
crepancy is  to  be  reconciled,  the  Editor  refers  to  a  copy  of  "  Remarks 
of  Hon.  George  H.  Ely,  before  the  Committee  of  Commerce  of  the 
U.  S.  Senate",  in  which  the  tonnage  is  placed  at  36,203,586  tons.  The 
Editor  says:  '"The  Census  Bulletin  is  not  a  statement  of  facts;  it  is 
an  estimate.     Mr.  Ely's  figures  are  also  estimates,  but  he  has  had  a 
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life  long,  practical  connection  with  lake  marine  interests.  Not  so  the 
gentleman  who  collected  the  census  figures,  but  they  also  had  to  work  on 
estimates,  and  you  will  find  on  examining  the  statement  accompanying 
the  census  bulletin  referred  to,  that  it  contains  many  paragraphs  de- 
voted to  an  attempt  to  explain  away  its  inconsistencies  as  to  receipts 
and  shipments.  Existing  statutes  do  not  permit,  as  you  have  undoubt- 
edly found  in  your  search  for  lake  data,  of  a  correct  report  of  the  re- 
ceipts and  shipments  of  any  port  on  the  lakes,  as  there  are  circumstan- 
ces under  which  vessel  masters  are  not  required  to  report  to  the  cus- 
tom officials  when  entering  or  leaving  port.  The  census  data  was  made 
up  from  custom  house  reports,  which  are  not  recognized  by  any  one 
accmainted  with  the  situation.  An  effort  will  be  made  in  the  next 
Congress  to  remedy  these  defects  in  the  statutes,  and  untill  the 
remedy  is  applied,  facts  regarding  lake  commere  cannot  be  secured." 

An  examination  of  Mr.  Ely's  estimates  convince  us  that  they  are 
much  too  high.  The  method  pursued  by  him  would  be  very  likely  to 
produce  erroneous  results.  On  the  other  hand,  some  of  the  criticisms 
of  the  Census  Bulletin  seem  well  founded.  As  will  be  seen  under  the 
head  of  "  Commerce  of  the  Port  of  Chicago,"  a  very  wide  discrepancy 
exists  between  the  Census  Bulletin  figures,  for  the  port  of  Chicago, 
and  those  prepared  from  the  custom  house  reports  by  reliable  experts 
under  the  direction  of  Mr.  L.  E.  Cooley.  These  latter  figures  we  be- 
lieve to  be  as  reliable  as  was  possible  under  the  circumstances  and 
their  variation  from  the  Census  is  significant. 

Our  own  conviction  is  that  the  truth  regarding  the  Detroit  river 
commerce  lies  between  the  figures  of  the  Census  Bulletin  and  Mr. 
Ely's  estimate,  but  much  nearer  the  former  than  the  latter. 

FLOATING  EQUIPMENT   OF  THE  LAKES. 

4.  The  character  and  number  of  craft  emplo3Ted  in  Lake  Commerce 
may  be  inferred  from  the  following  : 

"The  number  of  vessels  documented  in  the  various  customs  districts 
on  the  northern  lakes  at  the  end  of  the  fiscal  year,  (see  Report  of  the 
Commissioner  of  Navigation  for  1890,  page  39)  was  3,510  and  the  ton- 
nage was  1,063,064.  Of  this  number  1,272  vessels  of  328,656  tons  were 
sailing  craft :  1,527  vessels  of  652,923  tons  were  steamers  ;  and  the  resi- 
due consisting  of  711  vessels  reported  of  81,485  tons,  were  canal  boats, 
barges,  etc." 

In  table  IV  of  Appendix  is  given  the  classification  of  the  vessels,  as 
to  size,  composing  the  steam  and  sailing  tonnage  of  the  lake,  June  30th, 
1890.  It  is  stated  that  in  this  schedule  there  are  more  steam  boats 
of  1,000  to  2,500  tons  capacity  than  in  the  combined  ownership  of  this 
class  of  vessels  in  all  other  sections  of  the  country. 

In  Table  V  is  a  very  instructive  exhibit  of  the  changes  in  the  float- 


THE  RAILWAY  PROBLEM  OF  CHICAGO  235 

ing  equipment  on  the  Lakes  since  1886.  The  value  of  the  vessels  there- 
in tabulated  was  $30,597,450  in  1886,  and  $58,128,500  in  1890,  an  increase 
of  90  per  cent. 

An  examination  of  the  table  shows  that  sailing  vessels  are  giving 
place  to  steam  vessels.  The  former  having  increased  largely,  both  in 
number  and  in  tonnage,  while  the  latter  have  decreased  in  both  re- 
spects. 

Steam  vessels  are  of  a  constantly  increasing  size,  and  the  number 
of  the  large  ones  is  rapidly  increasing.  Steamers  of  more  than  1,500 
tons  have  increased  423.8  per  cent,  in  number  and  440.3  per  cent,  in 
tonnage. 

Steel  is  becoming  more  and  more  the  material  of  construction, 
wood  and  iron  barely  holding  their  own.  Composite  construction  has 
increased  largely  though  still  not  holding  an  important  place. 

In  Table  VI  is  a  record  of  the  boats  built  in  Lake  ship  yards  since 
1886.  It  shows  that  in  five  years  244  vessels  have  been  built  with  a 
gross  tonnage  of  477,925,  and  an  average  of  1,950  gross  tons,  having  a 
valuation  of  $32,726,000. 

Of  the  1890-91  boats,  21  are  of  steel,  and  all  but  four  steamers. 
They  generally  range  from  2,000  to  3,250  gross  tons  though  there  are  a 
few  small  ones  of  only  a  few  hundred  tons. 

The  Canadian  lake  tonnage  is  given  by  "Inland  Lloyd's"  (Canadian 
Hulls)  at  647  vessels  with  a  tonnage  of  132,961  tons,  estimated  value 
$3,989,130.     (See  Report  of  Commissioner  of  Navigation,  page  361.) 

Table  VII  gives  the  tonnage  of  vessels  built  on  the  lakes  for  each 
year  from  1857  to  1890  inclusive.  It  is  instructive  as  showing  the 
rapid  increase,  beginning  with  1887. 

Table  VIII  gives  the  total  documented  shipping  of  the  United 
States  and  of  the  United  Kingdom,  June  30th,  1890. 

It  shows  that  the  tonnage  on  the  Northern  lakes  exceeds  that  of 
the  U.  S.  engaged  in  foreign  trade,  and  that  it  is  slightly  more  than 
one  half  of  all  the  coastwise  shipping  in  the  U.  S. 

The  following  items  taken  from  the  Marine  Review  for  1890-91  are 
instructive  as  giving  an  idea  of  some  of  the  best  vessels  on  the 
lakes,  and  what  they  are  capable  of  doing. 

Some  of  the  largest  and  fastest  lake  vessels  are  the  following  : 
Owego  and  Chemung  belonging  to  the  Union  Steam  Ship  Co.,  said  a 
year  or  two  ago  to  be  the  largest  on  the  lakes,  being  350  feet  over 
all.  Time  of  the  Owego,  Buffalo  to  Chicago,  889  miles,  54  hours 
and  6  minutes,  or  16.4  miles  an  hour. 

The  Maryland — Inter-Ocean  Transportation  Company — 335  feet, 
42  feet  beam,  24  feet  depth  of  hold,  carries  ore  from  Escanaba  to  South 
Chicago,  largest  load  carried  3,322  tons  gross,  or  3,737  net  tons,  with 
16  feet  2  inches  draught.  She  carried  from  Escanaba  to  South  Chica- 
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go  29  ore  cargoes,  aggregating  95,000  gross  tons,  an  average  of  3,- 
275.8  gross  tons  which  is  not  much  less  than  the  maximum  load  giv- 
en above. 

The  E.  C.  Pope  steel  steamer  put  into  service  early  in  May,  1891, 
built  on  the  same  model  as  the  Maryland,  337  feet  over  all,  42  feet 
beam,  24  feet  hold,  with  the  same  depth  of  water  will  carry  75  to  100 
tons  more  than  the  Maryland.  It  has  carried  from  Ashland  to  Lake 
Erie  Ports  2,718  gross,  or  3,074  net  tons,  light  draught  to  pass  the 
Sault  Lock,  depth  of  water  14  feet  3  inches.  On  16  feet  2  inches 
draught  will  carry  3,850  net  tons,  and  on  19  feet  draught  will  carry 
4,800  tons. 

Other  iron  ore  carriers  give  records  as  follows  :  Brazil,  2,932  gross 
tons  or  3,285  net,  from  Escanaba  ;  Corsica,  Mutual  Transportation 
Company  of  Cleveland,  2,920  gross  or  3,271  net  tons  from  Escanaba. 

Steam  ship  Pontiac  (steel)  in  1890  carried  31  loads  from  Marquette 
and  Escanaba,  15  from  Escanaba  to  Lake  Erie  ports,  aggregated  41,- 
907  gross  tons,  average  of  2.794.  Carried  the  largest  cargo  ever  brought 
through  river  Sault  St.  Marie,  viz  :  2,933  gross  tons  and  has  the  distinc- 
tion of  having  discharged  ore  twice  in  the  same  week,  a  total  of  5,525 
gross  tons,  at  Cleveland. 

The  following  is  the  record  of  some  grain  carriers  :  The  W.  H. 
Gilcher  of  Cleveland,  114,982  bushels  of  corn,  Chicago  to  Buffalo. 
Steel  boats,  American,  Drake  syndicate,  111,507  bushels  of  corn,  Chi- 
cago to  Buffalo:  Emily  P.  Weed,  Holliston  Transportation  Company, 
111,000  bushels  of  corn,  Chicago  to  Buffalo.  Wooden  boat,  Neshoto, 
R.  R.  Rhodes  of  Cleveland,  102,000  bushels  of  corn  from  Chicago. 
E.  C.  Pope,  125,730  bushels  of  corn,  Chicago  to  Buffalo. 

Western  Reserve,  96,258  bushels  of  wheat  from  Duluth,  and  52,- 
900  bushels  of  wheat  and  56,250  bushels  of  corn  from  Chicago,  the 
equivalent  of  112,923  bushels  of  corn.     Draught  15  feet  1  inch. 

Speed.  Owego,  Union  line  of  Buffalo,  Buffalo  to  Chicago,  889 
miles,  54  hours,  16 minutes,  16.4  miles  an  hour  ;  Saranac,  Lehigh  Val- 
ley line,  Buffalo  to  Lime  Kilns,  240  miles,  15  hours  and  10  minutes, 
16  miles  per  hour. 

From  the  official  report  of  Gen.  O.  M.  Poe,  dated  May  14,  1891: 

"As  evidence  of  the  remarkable  speed  attained  by  many  of  the  new 
and  large  freight  steamers,  is  the  case  of  the  Manola,  owned  by  the 
Minnesota  Iron  Co.,  wdich  reported  to  the  Sault  St.  Marie  canal  an 
aggregate  of  49,201  miles  run  during  the  season  of  1890,  on  voyages 
which  included  the  canal,  carrying  of  77,124  tons  of  iron  ore  through 
the  canal.  This  vessel  made  one  trip  to  Escanaba,  which,  added  to 
the  preceding,  gives  50,580  miles  in  223  days,  or  an  average  of  9. 6  miles 
per  hour  for  every  hour  of  the  season.     Probably  the  greatest  distance 


THE  RAILWAY  PROBLEM  OF  CHICAGO.  237 

ever  run  by  one  steamer  in  the  same  length  of  time.  Her  average 
time  in  port  on  each  round  trip  was  19^  hours." 

"There  were  eleven  steamers  reported  at  the  Sault  St.  Marie, 
which  made  aggregate  runs  of  between  30,000  and  40,000  miles  each 
during-  the  season  1890,  and  one  of  these  ran  over  40,000." 

It  is  stated  that  the  aggregate  voyages  of  several  steamers  running 
between  Chicago  aud  Buffalo,  and  not  reported  at  the  Sault  Lock 
amounted  to  more  than  40,000  miles  each,  and  that  two  of  them,  the 
.Hudson  and  the  Harlem,  made  over  49,000  miles  each. .  These  statistics 
show  the  capacity  of  the  lake  steamers  is  being  increased  in  the  direc- 
tion of  speed  as  largely  as  in  other  ways. 

FREIGHT  RATES. 

5.  Mr.  Chas.  Keep,  Secretary  of  the  Lake  Carriers'  Association, 
estimates  the  value  of  cargoes  carried  on  the  lakes  in  1890,  at  $305,- 
000,000. 

Satisfactory  information  regarding  the  cost  of  carrying  these  im- 
mensely valuable  cargoes  that  not  only  gives  the  present  rate  per  ton 
for  different  commodities,  but  past  rates,  so  as  to  enable  an  intelligent 
study  of  the  changes  that  have  taken  place  in  the  cost  of  carriage  is 
difficult  of  access.  By  considerable  researches  the  fragmentary  facts 
have  been  gleaned.  Table  IX. ,  giving  the  freight  rates  on  wheat  from 
Chicago  to  Buffalo  and  to  New  York,  has  the  widest  scope  of  any- 
thing attainable  and  affords  the  best  opportunity  for  geneializaticu. 
"Wheat  being  a  staple  article  of  commerce,  it  furnishes  a  fair  criterion 
of  freight  rates  in  general.  The  table  has  been  compiled  from  the 
sources  given,  and,  it  is  believed,  represents  the  facts  closely.  That 
it  is  not  strictly  accurate  in  every  respect  is  known  f  rom  the  fact  that 
when  data  from  the  different  sources  named  lapped  one  over  the  other," 
they  did  not  always  correspond,  though  not  differing  materially.  In 
such  cases  the  figures  that  seemed  the  most  probable  were  used.  They 
are  sufficiently  accurate  for  the  purposes  of  this  discussion. 

This  table  shows  a  steady  decrease  in  both  rail  and  water  rates  from 
1865,  at  the  termination  of  the  war,  to  about  1880,  since  which  time 
they  have  been  only  marked  by  minor  fluctuations.  For  the  last  ten 
years  the  average  rate  on  wheat  per  ton  mile  from  Chicago  to  Buffalo 
has  been  1.1  mills,  and  by  lakes  and  Erie  canal  from  Chicago  to  New 
York  5.0  mills  per  ton  mile. 

Though  there  has  been  but  little  permanent  change  in  the  rates  on 
wheat  for  ten  years  past,  this  is  not  true  of  freight  rates  generally. 

During  the  years  1889-90  the  average  rate  per  ton  mile  on  freights 
generally  via  Lakes  from  Chicago  to  Buffalo  was  .93  mill  and  during 
the  year  1890  it  was  .76  mill  or  only  about  15  per  cent,  of  the  rail 
rate  per  ton  mile,  viz:  4.9  mills. 
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The  freight  rates  on  all  articles  of  commerce  passing  through  the 
Sault  St.  Marie  canal  for  1886  to  1890  inclusive,  reported  officially  to 
Gen.  O.  M.  Poe,  is  given  in  table  X. 

It  shows  that  the  average  rate  for  each  year  respectively,  is  as 
follows:  1887,  2.3  mills  per  ton  mile;  1888,  1.5  mills;  1889,  1.5  mills, 
and  1890,  1.3  mills  per  ton  mile. 

During  1890,  several  steamers  carrying  iron  ore  from  Escanaba  to 
Lake  Erie  ports,  made  32  to  36  round  trips  of  1,178  miles  each,  and  55 
cents  per  gross  ton,  or  slightly  over  9/io  of  a  mill  per  ton  mile.  The 
average  rates  from  Escanaba  to  Lake  Erie  ports  was  $0,887  per  gross 
ton  or  about  1.5  mills  per  ton  mile. 

For  1891,  the  Marine  Review  of  May  21,  gives  the  lake  rates  as  fol- 
lows: 

Iron  ore  from  Lake  Superior  ports  to  Erie  ports,  90  cents;  and  from 
Escanaba  to  Erie  ports  generally  65  cents,  though  some  vessels  have 
been  chartered  at  60  cents. 

Grain  from  Duluth  to  Buffalo,  1J  cents  per  bushel. 

Coal  from  Erie  ports  are  strong  at  60  cents  to  Milwaukee,  50  cents 
to  the  head  of  Lake  Superior,  45  cents  to  Escanaba. 

For  iron  ore  these  rates  l'epresent  about  1  mill  to  1.2  mills  per  ton 
mile  and  for  coal  from  £  mill  to  B/i0  mill  per  ton  mile. 

The  rates  on  iron  ore  are  per  gross  tons.  If  reduced  to  net  tons  the 
price  per  ton  mile  would  be  less  than  1  mill. 

Grain  at  1J  of  a  cent  per  bushel  from  Duluth  to  Buffalo  is  at  the  rate 
of  about  */io  of  a  mill  per  ton  mile. 

This  same  paper,  Feb.  18, 1892,  gives  the  average  contract  rates  on 
iron  ore  for  1891,  from  Escanaba  $0.65;  Marquette,  $0.90;  Ashland,  $1.00. 
The  average  contract  rate  for  twenty  years  was,  from  Escanaba,  $1,205; 
Marquette,  $1.70;  and  Ashland,  $1.31;  average  for  seven  years.  The  ex- 
pense of  handling,  always  borne  by  the  vessel,  is  21  cents  per  ton. 

By  the  calculations  of  Mr.  Chas.  H.  Keep,  Secretary  of  the  Lake 
Carriers'  Association,  the  total  freight  charges  on  the  lakes  for  1890 
amounted  to  $23,000,000  and  the  total  ton  miles  was  about  15,500,000,- 
000;  this  gives  an  average  rate  per  ton  mile  of  1.45  mills.  As  has 
been  seen  by  Gen.  Poe's  report,  the  average  rate  of  the  freight  passing 
through  the  Sault  in  1890  was  1.3  mills. 

According  to  statistics  prepared  by  Captain  James  Stone  of  Cleve- 
land, the  average  rates  on  soft  coal  from  Ohio  ports  to  the  ports  named 
for  seven  years,  1885  to  1891  inclusive,  and  the  rates  for  1891,  are  as 
follows:  Chicago,  $0.77  and  $0.58;  Milwaukee,  $0.74  and  $0.61;  Escan- 
aba, $0.55  and  $0.52;  Duluth,  $0.62  and  $0.49  per  net  ton;  and  on  hard 
coal  from  Buffalo  to  Chicago,  average  $0.74,  1891,  $0.56;  Buffalo  to 
Duluth,  average  $0.52,  and  1891,  $0.29  per  net  ton.     On   hard  coal  this 
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is  an  average  of  0.083  mill  and  0.063  mill  per  ton  mile  to  Chicago, 
and  0.052  mill  and  0.029  mill  per  ton  mile  to  Duluth. 

From  a  statement  made  by  Mr.  S.  A.  Thompson  of  Duluth,  before 
a  Board  of  U.  S.  Engineers  recently  held  at  Albany  to  consider  the 
deepening  and  widening  of  the  Hudson  river,  the  following  items  have 
been  taken.     See  Marine  Review,  April  16th, ;  1891. 

Poors  Manual  gives  the  average  railroad  rate  per  ton  mile  in  1882 
as  12.36  mills,  and  for  1889,  9.76  mills.  Careful  experiments  by  the 
Grand  Trunk  railroad  show  tne  actual  cost  of  hauling  freight  by  rail 
to  be  5  mills  per  ton  mile.  The  average  cost  of  all  the  railroads  re- 
porting to  the  Interstate  Commerce  Commission  for  the  year  ending 
June  30th,  1890,  was  5.93  mills.  The  lowest  cost  on  record  is  made  by 
the  Lake  Shore  &  Michigan  Southern  railroad,  which  in  favorable  years 
reports  the  cost  at  4  mills  per  ton  mile. 

By  lake  wheat  has  been  carried  from  Chicago  to  Buffalo  for  one 
cent  per  bushel  or  4/io  mill  per  ton  mile,  and  thousands  of  tons  of  coal 
have  been  carried  from  Buffalo  to  Duluth  at  25  cents  per  ton  or  i  of  a 
mill  per  ton  mile.  Mr.  J.  J.  Hill,  president  of  the  Great  Northern 
Railroad  Co.,  is  quoted  as  authority  for  the  statement  that  with  their 
line  of  steamers  of  2,700  tons  capacity  on  present  depth  of  water  at 
the  Sault,  running  from  Duluth  to  Buffalo,  the  trip  is  made  in  3| 
days,  a  distance  of  1,000  miles,  at  an  actual  expense  of  $120.00  per  day, 
which  makes  the  actual  cost  of  carrying  freight  from  Duluth  to  Buf- 
falo 0.15  mill  per  ton  mile,  which  is  only  one  twenty-sixth  of  the  cost 
by  the  Lake  Shore  &  Michigan  Southern  railway,  which,  as  has  been 
seen,  makes  the  lowest  record. 

From  the  facts  given,  we  see  that  freight  rates  on  the  lakes  are 
growing  less  year  by  year;  that  a  considerable  amount  of  business  is 
done  for  less  than  i  mill  per  ton  mile,  and  the  greater  amount  for 
about  1  mill,  while  the  average  for  all  kinds  of  articles  is  under  l-£ 
mills  per  ton  mile. 

It  is  fair  to  conclude,  that  in  a  few  years,  if  the  late  improvement 
in  the  lake  fleet  continues,  the  average  rate  of  the  freight  on  the  lakes 
will  not  exceed  one  mill,  and  that  a  large  portion  if  not  all  of  the  long 
haul  business  will  be  done  for  \  mill  per  ton  mile,  or  at  ocean  rates. 
It  seems  probable  that  the  only  thing  which  may  stand  in  the  way  of 
such  a  consummation  will  be  inadequate  harbor  facilities  which  pre- 
vent the  carrying  of  full  cargoes,  and  causes  unnecessary  loss  of  time 
in  port. 

As  to  the  statements  made  by  Mr.  Thompson  regarding  the  actual 
cost  of  carrying  freight  by  rail,  it  should  be  said  that  there  are  a  very 
few  roads  (eight  in  all)  reporting  to  the  Interstate  Commerce  Com- 
mission, that  show  a  lower  cost  than  4.0  mills  per  ton  mile,  notably  the 
Chicago,  Burlington  and  Northern,  that  reports  2.9  mills  per  ton  mile. 
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Four  of  these  eight  roads  range  from.  2.6  to  3.6  per  ton  mile,  all  the 
others,  with  exception  noted,  are  short  coal  roads.  The  average  cost 
for  1889  for  all  the  roads  of  the  country  given  by  the  Interstate  Com- 
merce Commission  was  5.93  mills  per  ton  mile,  the  rates  charged  being 
9.32  mills  per  ton  mile. 

COMMERCE  OF  THE  PORT  OF  CHICAGO. 

6.  The  commerce  of  the  Port  of  Chicago,  including  South  Chi- 
cago, is  given  by  the  United  States  Census  for  1889  at  7,984,038  tons  or 
15.59  per  cent,  of  the  total  commerce  of  the  lakes,  taken  port  by  port, 
5,069,973  tons  being  receipts  and  2,914,065  tons  shipments.  The  classi- 
fication, and  the  per  centag'e  which  the  tonnage  of  each  commodity 
sustains  to  the  total  tonnage  of  that  commodity,  is  given  in  Table 
XI. 

The  commerce  of  the  port  of  Chicago  for  1889,  as  compiled  from 
-the  Board  of  Trade  and  custom,  house  reports,  (See  Lake  and  Gulf 
Water  Way,  app.  6  and  7,  by  L.  E.  Cooley)  is  8,325,047  tons,  and  of 
South  Chicago,  787,471  tons,  a  total  of  10,112,528  tons,  which  is  2,- 
128,490  tons  more  than  the  amount  given  by  the  U.  S.  Census.  This 
is  a  material  discrepancy,  but  a  comparison  of  the  detail  figures 
show  that  in  the  item  of  lumber  1,655,448  more  tons  are  shown  to  have 
been  received  than  the  Census  gives,  and  under  head  of  general  mer- 
chandise, 384,240  tons  more  than  given  by  the  Census.  There  are  also 
discrepancies  of  smaller  amounts  in  a  large  number  of  other  commod- 
ities, which  accounts  for  the  whole  difference. 

The  discrepancy  lying-,  as  it  does,  almost  wholly  in  receipts,  and 
mainly  in  the  one  item  of  lumber,  is  calculated  to  make  one  distrust- 
ful of  the  census  in  this  regard.  There  is  a  large  amount  of  lumber 
received,  which  is  picked  up  around  the  lakes,  that  would  not  be  re- 
corded at  any  place  other  than  the  port  of  Chicago. 

Table  XII  gives  the  tonnage  of  the  commerce  of  the  port  of  Chica- 
go for  30  years,  1858  to  1890  inclusive,  omitting  1859,  1860  and  1861, 
which  are  not  obtainable.  The  table  has  been  prepared  from  one  giv- 
en in  the  report  of  Ricard  O'S.  Burke,  Engineer  in  charge  of  Har- 
bors, published  in  the  Report  of  the  Department  of  Public  Works  for 
1890.  It  was  compiled  from  the  Board  of  Trade  reports,  and  represents 
the  rated  tonnage  ot  the  vessels,  and  not  the  actual  tons  of  freight 
carried.  It  shows  the  growth  in  the  averag'e  tonnage  of  vessels,  and 
decrease  of  their  number. 

From  this  it  is  seen  that  the  number  of  arrivals  and  clearances  for 
1865  were  a  little  greater  than  for  1890,  but  the  tonnage  had  increased 
about  two  and  one-half  times  ;  the  average  tonnage  of  the  vessels  used 
having  increased  in  the  same  ratio. 

As  shown  by  the  Chicago  Board   of  trade   reports,    during    seven 
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months  of  navigation  from  May  9th  to  Nov.  28th,  1891,  the  total  ship- 
ment of  all  kinds  of  east  bound  freight  from  Chicago  was  4,265,934  tons  ; 
of  this  the  lakes  carried  2,705,084  tons,  and  nine  leading  railways  1,560,- 
850  tons,  that  is,  63. 4  per  cent,  of  all  east  bound  shipments  went  by 
water.  In  addition  to  this,  150,000  tons  of  grain  was  loaded  into  ves- 
sels during  the  winter  of  1890-91  and  taken  out  on  the  opening  of  navi- 
gation. 

FACILITIES  FOR  NAVIGATION  AT  THE  PORT  OF  CHICAGO. 

7.  The  facilities  afforded  Marine  Commerce  at  Chicago  will  be 
appreciated  from  the  following  facts  : 

The  Chicago  harbor  in  all  its  ramifications  is  20.7  miles  in  length 
and  has  37.6  miles  of  dockage,  not  including  street  ends. 

The  purposes  for  which  this  dockage  is  used  can  be  seen  from  Table 
XILI,  taken  from  "The  Lakes  and  Gulf  Waterway"  by  L.  E.  Cooley. 

The  Calumet  harbor  is  about  six  miles  in  length,  including  slips, 
and  has  about  the  same  length  of  dockage.  It  has  been  developed  for 
16  feet  of  water  and  a  width  of  200  feet.  As  yet  the  few  improve- 
ments along  this  harbor  do  not  stand  in  the  way  of  its  enlargment  to 
almost  any  size. 

The  Chicago  harbor  proper  is  different  in  that  it  is  narrow  and  is 
flanked  by  high  massive  buildings  in  the  heart  of  the  city,  and  is  span- 
ned by  48  drawbridges  which  have  become  so  great  an  impediment  to 
navigation  that  vessel  movement  through  it  is  difficult  and  tedious. 
Its  improvement  has  been  carried  out  ostensibly  to  secure  15  feet  at 
low  water,  though  this  depth  has  never  been  practically  attained. 
Fourteen  feet  draught  being  the  limit  which  can  reach  the  coal  and 
iron  docks  in  the  city. 

At  low  water  there  is  a  depth  of  about  17  feet  over  the  La  Salle 
street  river  tunnel,  and  since  the  lowering  of  its  roof,  the  same  over 
the  Washington  street  tunnel.  The  new  tunnel  being  built  by  the 
West  Division  Street  Railway  Co.  under  the  South  Branch  between 
Jackson  and  Van  Buren  streets  will  have  a  depth  above  it  of  18  feet. 

Actually  at  low  water,  the  Chicago  harbor,  within  the  limits  in 
which  the  greater  part  of  the  shipping  is  done,  will  not  admit  vessels 
drawing  over  14  feet.  Owing  to  the  river  tunnels,  the  natural  tortu- 
ousness  of  the  stream  and  the  haphazard  manner  in  which  the  dock- 
lines  have  been  established — or  been  allowed  to  establish  themselves — ■ 
and  the  encroachments  which  the  necessities  of  street  travel  have 
made  in  the  way  of  bridge  piers  and  abutments  heretofore  noted,  the 
present  harbor  seems  incapable  of  that  growth  which  the  necessities  of 
lake  commerce  demand. 

That  some  remedy  for  this  state  of  a,ffairs  is  imperatively  de- 
manded is  admitted  on  all  hands.  The  trip  up  the  South  Branch  on 
the  steamer  Saranac  made  on  the  16th  of  June  by  some  of  the  mem- 
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bers  of  your  committee,  on  invitation  of  the  Vessel  Owner's  Associa- 
tion, was  calculated  to  impress  this  statement.  On  this  occasion  many 
prominent  gentlemen  connected  with  the  press,  and  other  influential 
citizens  received  an  object  lesson  in  river  navigation,  which,  judging 
by  the  tone  of  the  press  editorials,  has  not  entirely  failed  of  its  pur- 
pose. At  any  rate  there  would  appear  to  be  no  one  to  dispute  the 
proposition  that  something  must  be  done  to  increase  the  harbor  facili- 
ties of  the  port  of  Chicago.  The  only  point  of  difference  being,  what 
shall  it  be. 

By  the  statistics  hereinbefore  given,  the  port  of  Chicago  is  shown 
to  transact  15.59  percent,  of  the  total  commerce  on  the  Great  Lakes, 
being  the  largest  inland  port  of  entry  in  the  United  States.  The  num- 
ber of  arrivals  and  clearances  for  1889  were  21,788,  with  a  registered 
tonnage  of  10,267,831,  the  net  amount  of  freight  handled  for  1889  as 
shown  by  theU.  S.  Census  being  7,984,038  tons,  and  by  compilations  from 
Custom  House  and  Board  of  Trade  reports,  10,112,528  tons.  The  magni- 
tude of  this  will  be  appreciated  when  it  is  remembered  that  the 
entrances  and  clearances  (Registered),  in  foreign  commerce,  of  all  the 
seaports  of  the  U.  S.  for  1889  was  26,383,313  tons;  of  New  York,  11,051,- 
236 tons;  of  Liverpool,  14,175,200  tons,  including  coastwise  commerce; 
and  of  London,  13,245,417  tons,  including  coastwise  commerce.  That 
is,  the  tonnage  of  the  port  of  Chicago  is  not  quite  ten  per  cent,  less 
than  the  foreign  commerce  of  New  York;  it  is  53  per  cent,  of  the  total 
shipping  of  London;  72  per  cent  of  Liverpool,  aud  about  40  per  cent,  of 
the  foreign  tonnage  of  all  the  seaports  of  the  U.  S. 

If  the  average  "Haul"  on  the  commerce  transacted  by  the  port  of 
Chicago  is  the  same  as  for  the  total  lake  tonnage,  viz:  566  miles,  then  the 
total  ton  mileage  of  the  registered  tonnage  of  this  port  in  1889  was  5,811, 
592,346,  which  is  8.46  per  cent,  of  the  total  railway  ton  mileage  of  the 
United  States.  During  the  seven  months  that  navigation  was  open 
in  1891,  as  has  been  seen,  about  two-thirds  of  all  the  east  bound 
freight  was  earned  by  water. 

The  facts  are  conclusive  in  establishing  the  importance  of  the  lake 
commerce  of  Chicago  and  present  the  most  cogent  reasons  why  this 
artery  of  the  city's  life  should  not  be  allowed  to  stagnate  but  should 
be  enlivened  in  every  possible  way. 

We  have  seen  the  magnitude  of  the  business  transacted  by  water 
and  the  inadequacy  of  the  harbor  facilities  furnished.  We  have  seen 
how  the  number  of  vessels  entering  at  this  port  is  decreasing,  while 
the  total  tonnage  and  the  carrying  capacity  of  lake  vessels  is  increasing 
at  a  rapid  rale.  The  206  boats  built  for  lake  business  in  five  years  end- 
ing in  1891,  had  an  average  tonnage  of  1950,  and  at  least  one  vessel  in  ser- 
vice has  a  net  capacity  of  3,850  tons,  while  a  great  number  carry  from 
2,500  to  3,500  tons.     With  harbors  and  channels  20  feet  in  depth  a  num.- 
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ber  of  vessels  would  carry  over  5,000  tons,  and  a  still  greater 
number  would  carry  over  4,000  tons,  an  increase  of  more  than  50 
per  cent,  in  their  capacity.  We  have  seen  how  the  general  govern- 
ment is  encouraging  the  building  of  still  larger  boats  by  furnishing  20 
to  21  feet  depth  of  water  in  all  the  narrow  and  shallow  passages 
throughout  the  lakes;  this  means  upwards  of  18  feet  draught  for  these 
large  vessels  if  harbor  facilities  could  be  had.  The  cheapening  of  the 
cost  of  transportation  is  following  in  the  wake  of  deep  draught  vessels, 
and  freight  rates  by  water  are  but  a  small  fraction  of  railroad  rates  for 
similiar  service. 

Nothing'  in  the  history  of  water  transportation  is  more  clearly  set- 
tled than  that  cheapening  of  the  rates  of  carriage  follows  the  deepening 
of  the  public  waterways,  even  in  a  greater  ratio  than  the  direct  in- 
crease of  draught.  An  increase  in  the  draught  of  vessels  of  given  size 
means  a  tonnage  increasing  more  clearly  as  the  square  of  the  relative 
depths,  than  in  the  direct  ratio;  and  an  increase  of  tonnage  inevitably 
brings  decrease  in  cost  of  transportation. 

If  this  city  is  to  continue  to  lead  in  the  commerce  of  the  Great 
Lakes  then  its  marine  terminal  facilities  must  be  improved.  An  inade- 
quacy in  some  harbors  will  not  stand  in  the  way  of  large  vessels  plying 
between  those  harbors  that  do  furnish  these  accommodations.  If 
Buffalo  and  Duluth  will  harbor  vessels  drawing  18  to  20  feet,  while 
Chicago  will  not,  then  cheaper  rates  will  ultimately  prevail  between 
the  two  first  mentioned  cities,  than  between  either  of  them  and  Chica- 
go. Alreadj^,  as  has  been  seen,  lower  rates  both  for  wheat  and  coal 
obtain  between  Buffalo  and'Duluth  than  between  Buffalo  and  Chicago, 
notwithstanding  111  miles  greater  distance  and  the  Sault  St.  Marie 
lock. 

Chicago  then  must  take  up  the  matter  of  an  improved  harbor  or 
suffer  serious  injury  to  her  commercial  interests.  But  in  attempting 
such  improvements,  care  must  be  had  that  some  other  incubus  on  its 
prosperity  does  not  become  more  firmly  established.  Improved  harbor 
facilities  must  not  become  the  pretext  for  riveting  other  chains  which 
will  hamper  its  growTth. 

There  are  four  ways  in  which  the  desired  harbor  improvement  can 
be  had,  so  far  as  the  more  accommodation  of  vessels  is  concerned. 

1.  The  Chicago  river  can  be  deepened  and  widened  to  any  desired 
extent,  and  the  present  bridges  replaced  with  more  commodious  ones, 
or  the  streets  carried  under  the  river  with  tunnels. 

2.  A  harbor  can  be  created  on  the  lake  front  and  docks  and  piers 
built  so  as  to  accommodate  all  the  shipping  of  the  port,  or  such  part  of 
it  as  is  not  transferred  to  the  Calumet,  or  done  by  lighters  in  the 
Chicago  river. 

3.  The  Calumet  river  and  lakes  can  be  improved  and  other  interior 
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channels  made  in  the  low  lying  Calumet  region  and  the  shipping  of 
the  port  done  at  that  point. 

4.  Other  entrances  can  be  made  to  the  North  and  South  branches 
of  the  Chicago  river,  and  the  entrance  through  the  main  river 
abandoned  by  lake  craft,  and  all  kinds  of  vessels  that  cannot  pass 
under  bridges- 
Let  us  consider  these  propositions  in  their  order,  and  as  far  as  pos- 
sible trace  the  ultimate  consequence  of  adopting  one  or  the  other. 

IMPROVEMENT  OF  PRESENT  HARBOR. 

If  the  first  proposition  be  adopted  as  the  policy  of  the  city,  then 
the  Chicago  river  and  its  branches  must  be  deepened  to  at  last  20  feet 
below  datum,  but  more  likely  in  the  course  of  years  to  22  or  24  feet; 
it  must  also  be  widened  and  straightened  in  a  number  of  places,  and 
many  of  the  bridges  removed  to  make  place  for  more  commodious 
ones,  or  their  places  must  be  taken  by  river  tunnels.  No  improve- 
ment of  this  character  can  be  deemed  adequate  which  will  not  allow 
the  free  passage  of  vessels  of  400  feet  length  and  20  feet  draught. 
This  will  involve  the  reconstruction  of  all  the  river  tunnels  and  of 
many  of  the  tall  buildings  on  the  river  bank,  and  also  of  all  or  nearly 
all  of  the  bridges.  If  new  bridges  be  built,  then  a  large  amount  of  the 
most  valuable  land  along  the  docks  must  be  taken,  and  the  present 
structures  destroyed  to  furnish  swinging  room  for  the  bridges;  unless 
indeed,  some  form  of  bridge  be  adopted  which  will  be  operated  wholly 
within  the  width  of  the  streets. 

The  use  of  movable  bridges  however  from  12th  street  north  to 
Chicago  Avenue,  and  from  the  junction  of  the  two  branches  to  Rush 
street,  is  not  to  be  counted  a  permanent  thing  for  a  city  fast  growing 
into  millions  of  inhabitants.  It  would  seem  to  your  Committee  that  it 
is  useless  to  expect  rapid  transit,  or  even  to  aspire  to  ordinary  facility 
of  street  movement,  through  streets  hampered  as  are  the  down  town 
Chicago  streets,  with  movable  bridges.  We  believe  that  such  bridges 
must  be  done  away  with,  and  that  one  of  the  most  important  and  diffi- 
cult problems  facing  the  city  is  the  finding  of  ways  to  accomplish  this 
end.  The  process  of  congesting  the  south  side  business  center  can  not 
go  on  indefinitely  without  adequate  access  thereto  be  furnished.  This 
district  is  fast  filling  up  with  12  to  16  story  buildings,  thus  supplying 
greater  accommodations  for  business,  and  concentrating  more  people 
than  are  to  be  found  within  an  equal  space  anywhere  else  in  the  world. 
There  is  probably  not  another  waterway  in  the  world  that  is  navig- 
able for  marine  commerce  that  passes  through  property  of  such 
value  as  does  the  Chicago  river  throughout  the  length  specified,  and 
probably  no  other  one  that  so  many  people  cross  and  recross  to 
business. 
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If  bridges  should  be  discarded  and  tunnels  adopted  for  the  central 
district  of  the  city  the  top  of  the  tunnels  would  have  to  be  placed  not 
less  than  22  feet,  and  their  grades  under  the  river  not  less  than  40  feet, 
below  datum;  the  street  grades  being  14  feet  above  datum,  would  nec- 
esitate  a  rise  of  54  feet  from  the  tunnel  under  the  river  to  the  street 
grades.  At  the  rate  of  4  in  100  it  would  require  inclined  approaches 
1350  feet  long,  which  would  reach  to  Washington  street  south  of  the 
main  river  and  to  Indiana  street  north  of  the  same;  and  on  Washington 
street  would  extend  to  5th" Avenue,  and  on  Jackson  to  La  Salle,  and 
would  reach  beyond  Jefferson  street  on  the  West  Side. 

It  would  give  a  total  length  of  approaches  and  tunnel  combined  of 
considerably  more  than  half  a  mile.  The  mere  statement  of  such  a 
proposition  is  to  rule  it  out  as  wholly  impracticable  from  every  point 
of  view.  Such  tunnels  would  mean  a  rebuilding  of  a  large  part  of  the 
city,  and  the  river  would  become  a  more  effective  barrier  between  its 
different  sides  than  now, 

There  is  then  in  the  opinion  of  your  committee  a  necessity  of  adopt" 
ing  some  plan  by  which  the  city  of  Chicago  can  dispense  with  its  hhi'-~ 
bor  entrance  through  its  business  center.  It  can  not  be  maintained  as 
at  present  without  jeopardizing,  if  not  seriously  injuring,  the  city's 
future  interests. 

LAKE  FRONT. 

The  second  proposition,  to  create  a  harbor  on  the  lake  front  as  an  ex- 
clusive or  main  reliance,  is  open  to  at  least  our  serious  objections. 

One  is  the  enormous  cost.  There  is  not  enough  space  available  on 
the  lake  front  to  furnish  room  for  the  shipping  of  the  port,  and  sites 
for  warehouses,  elevators,  lumber  and  coal  yards,  and  the  large  number 
of  manufactories  which  need  dock  facilities.  By  reference  to  table 
XHI,  it  is  seen  that  there  are  252  lumber,  coal  and  stone  yards  in  the 
city,  occupying  17.9  miles  of  dockage;  55  elevators  and  warehouses 
occupying  3.7  miles;  54  manufactories  of  various  kinds  occupying  4.7 
miles;  and  a  large  number  of  miscellaneous  industries  occupying  a  few 
miles  more  of  dockage.  If  it  be  granted  that  there  are  a  number  of 
these  industries  which  are  not  wholly  dependent  upon  water  connec- 
tions, still  there  are  enough  that  do  need  such  facilities,  to  swell  the 
amount  of  dockage  required  far  beyond  the  possibilities  of  the  space 
available. 

It  must  be  borne  in  mind  that  for  a  lake  front  harbor  to  be  a  sub- 
stitute for  the  river  harbor,  it  must  not  only  furnish  facilities  for  the 
loading  and  unloading  of  marine  commerce,  but  it  must  also  furnish 
cheap  sites  for  industries,  which,  though  not  wholly  dependent  upon 
water  transportation,  are  yet  benefitted  by  having  it  at  hand. 

The  improvement  being  made  by  the  Lincoln  Park  Commissioners, 
or  by  the  property  owners  under  their  direction,  shuts  out  all  shipping 


246  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

north  of  the  north  pier  of  the  harbor  entrance,  except  the  little  which 
has  already  gained  a  footing  there,  and  if  it  be  granted  that  it  could 
extend  to  39th  street  south  of  the  river,  this  would  give  barely  4£ 
miles  of  lake  front.  With  the  best  system  of  piers  and  slips  that  could 
be  provided,  this  would  not  furnish  sufficient  room  for  the  present  and 
prospective  needs  of  the  city  without  extending  far  out  into  deep 
water,  or  without  building  an  inclosed  harbor  with  piers  and  docks 
skirting  it  on  both  sides.  This  latter  plan  would  render  bridges  neces- 
sary from  one  side  of  the  harbor  to  the  other,  and  the  expense  involved 
in  sueh  an  undertaking-  would  be  enormous. 

Another  objection  is  that  a  lake  front  harbor  as  an  exclusive  re- 
liance involves  the  complete  closing  of  the  present  harbor  to  all  lake 
going  crafts,  allowing  only  canal  boats,  scows,  lig-hters,  and  such  boats 
as  can  pass  under  fixed  bridges,  access  thereto.  The  effect  that  this 
would  have  upon  vested  interests,  and  upon  the  value  of  dock  property, 
and  of  appliances  used  for  handling  marine  commerce  in  the  way  of 
elevators,  etc.,  would  be  ruinous.  Lighters  cannot  be  used;  lake 
freight  rates  will  not  stand  the  increase  which  even  the  most  perfect 
system  of  lighterage  would  render  necessary.  The  cheapest  sys- 
tem of  lighterage  that  can  be  devised  will  be  likely  to  increase  the 
rates  between  Chicago  and  Buffalo  at  least  50  per  cent.,  and  as  has 
already  been  seen,  freight  rates  are  now  materially  less  between  Buf- 
falo and  Duluth  than  between  Buffalo  and  Chicago. 

Still  another  objection  is  that  to  join  railway  and  water  trans- 
portation on  the  lake  front,  and  to  distribute  local  freight  from  this 
point,  renders  it  necessary  that  all  freight  that  comes  from,  or  goes 
into  the  interior,  shall  be  hauled  in  cars,  across  the  city,  and  that 
local  freight  shall  be  trucked  through  streets  already  congested  be- 
yond endurance,  thus  aggravating  many  fold  the  evil  of  railway 
freight  traffic.  One  ship  load  of  2.000  tons  represents  100  car  loads, 
and  500  truck  loads.  One  vessel  passing  through  bridges  is  far  more 
tolerable  than  500  truck  loads  hauled  along  the  streets. 

Whatever  is  done  to  improve  the  terminal  facilities  for  both  rail 
and  water  borne  commerce  should  be  with  an  eye  to  simplifying  its 
transfer  and  distribution,  and  not  to  render  it  more  unwieldy  and  dif- 
ficult. Without  reference  to  cost,  such  a  requirement  alone  would  be 
fatal  to  a  lake  front  harbor. 

A  fourth  and  last  objection  is  to  a  certain  extent  an  esthetic 
one.  The  matter  of  preserving  the  lake  front  so  that  it  shall 
not  be  shut  off  from  the  central  part  of  town  by  ware- 
houses, manufactories,  and  the  numerous  industr  es  which  a 
lake  front  harbor  would  engender,  is  important.  With  such  a  harbor, 
instead  of  pure  air  from  the  lake,  there  would  be  smoke  and  dii't. 

Taking  it  all  in  all,  such  a  plan  would    involve    an  enormous  first 
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cost  without  compensating  advantages,  and  a  destruction  of  property 
values  caused  by  closing  the  Chicago  river  to  lake  craft,  which  would 
be  incalculable  ;  it  would  contribute  to  reader  business  in  the  city 
more  and  more  difficult  to  transact,  and  would  cut  the  city  off  from  a 
lake  view  and  pure  lake  air.  We  therefore  do  not  consider  that  a  plan 
for  a  lake  front  for  general  freighting  should  be  seriously  entertained. 

CALUMET  HARBOR. 

The  third  proposition  to  improve  the  Calumet  river  and  lake,  and 
to  develope  the  low  districts  adjacent,  so  as  to  accommodate  the  ship- 
ping- of  this  port,  is  open  to  many  objections.  That  policy  can  only 
work  evil  in  the  long  run,  which  stimulates  the  growth  of  population 
across  the  Indiana  line,  to  which  those  industries  that  wish  to  escape 
legitimate  taxation,  and  those  whose  bills  of  health  are  not  clear,  can 
withdraw  beyond  the  reach  of  the  taxgatherer  and  the  state  legisla- 
ture, there  to  spew  their  filth  into  the  lake  without  let  or  hindrance. 

Only  about  ten  per  cent,  of  the  business  of  the  port  of  Chicago  is 
transacted  in  the  Calumet,  and  this  is  mostly  due  to  iron  ore  which  is 
received  by  the  Illinois  Steel  Works,  which  indicates  that  that  harbor 
is  too  far  to  one  end  of  the  city  to  become  a  fit  distributing  point. 
Sixty-six  per  cent  of  the  lumber  and  seventy-five  per  cent,  of  the  coal 
brought  to  Chicago  by  lake  is  used  in  the  city,  and  a  large  amount  of 
other  articles  of  commerce  is  used  here  also.  Such  business  can  be  done 
economically  at  no  other  place  than  near  t  o  the  consumer,  which  is 
where  the  population  exists.  It  should  be  remembered  that  the  com- 
merce of  the  city  is  the  city. 

That  the  commerce  of  the  Calumet  harbor  will  increase  in  a  natu- 
ral and  healthy  way  seems  inevitable,  and  it  is  to  the  interests  of  the 
city  as  a  whole  that  it  should,  but  it  can  never  be  made  a  substitute 
for  the  Chicago  harbor,  notwithstanding  the  fact  that  there  is  little  as 
yet  to  interfere  with  its  developement  to  any  required  depth  or  width. 

NEW  HARBOR  ENTRANCES. 

The  fourth  proposition  is  that  entrances  be  made  to  the  North  and 
South  branches  of  the  Chicago  river  and  the  present  entrance  closed  to 
vessels.  It  is  readily  seen  how  essential  it  is  to  the  continued  growth  of 
Chicago  and  the  transaction  of  the  business  of  several  millions  of  peo- 
ple, which  the  city  will  surely  have  in  a  comparatively  short  time,  that 
access  to  the  business  center  on  the  South  side  should  be  had  from  the 
North  and  West  sides  without  running  the  gauntlet  of  movable  bridges. 
It  is  also  easy  to  see  that  such  bridges  are  an  evil  for  which  a  remedy 
must  be  found.  The  concentration  of  so  many  people  and  so  much  busi- 
ness, in  so  small  a  space  as  is  now  taking  place,  means  the  streets  throng- 
ed with  people  and  vehicles.  These  throngs  need  opportunity  for  unin- 
terrupted movement  not  only  from  one  side  of  the   river  to   another, 
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but  from  one  part  of  the  business  center  to  another.  Such  opportunity 
does  not  exist,  largely  owing  to  the  continual  opening  and  closing  of 
the  bridges  across  the  river.  The  opening  of  a  bridge  does  not  merely 
stop  those  who  are  seeking  to  cross  that  particular  bridge,  but  it  stops 
others  who  are  traveling  on  the  same  street  and  on  intersecting  streets 
with  no  intention  of  crossing  the  river.  Thus  the  stoppage  of 
one  person  or  team  may  be  the  occasion  of  the  detention  of  several 
others,  and  one  evil  is  often  multiplied  several  fold.  The  time  is  not 
far  distant  when  there  will  be  double  the  number  of  people  spending 
the  business  hours  of  the  day,  and  double  the  amount  of  business  done 
in  the  district  bounded  b}T  Van  Buren  street  and  the  river,  and  by 
Michigan  Avenue  and  the  South  branch,  that  there  is  today.  When 
that  time  comes,  if  the  movable  bridges  are  still  in  use,  street  travel 
will  become  next  to  impossible,  and  even  with  fixed  bridges  the  ut- 
most care  will  need  to  be  exercised  to  keep  street  traffic  open.  We 
are  convinced  that  any  wise  solution  of  the  harbor  problem  must  have 
for  its  ultimate  end  the  closing  of  the  bridges  in  the  central  part  of 
town. 

But,  it  may  be  asked,  how  is  this  to  be  done  in  the  face  of  the  im- 
mense commercial  interest  dependent  upon  the  Chicago  harbor.  The 
answer  to  this  is  found  in  the  fourth  proposition,  viz  :  open  two  new 
channels  from  the  lake,  one  to  the  North  branch,  and  one  to  the  south 
fork  of  the  South  branch. 

If  it  is  urged  that  to  build  channels  more  remote  from  the  center  of 
the  city  will  be  but  to  transfer  the  evil  of  movable  bridges  to  other 
points  where  it  will  become  of  equal  magnitude  to  the  existing  one,, 
the  answer  that  cannot  be  too  often  reiterated  is,  that  the  greatest 
evil  is  not  a  few  moments  or  minutes  delay  to  the  individual,  -but  it  is 
the  multiplication  of  this  evil  many  times  by  the  general  obstruction 
of  street  travel.  Any  one  who  has  observed  crowded  streets  knows 
how  great  a  derangement  it  is  to  have  travel  stopped  even  for  an  in- 
stant. There  are  people  and  teams  who  cross  and  recross  the  existing 
bridges  many  times  a  day. 

With  other  entrances  provided,  the  number  of  times  people  and 
teams  would  cross  movable  bridges  would  be  enormously  reduced. 
With  bridges  over  the  main  river  closed  from  Rush  street  to  Fraaklin, 
and  those  over  the  North  branch  to  Chicago  Avenue,  and  over  the 
South  branch  to  12th  street,  the  whole  of  the  population  of  the  West 
Division  of  the  city  would  have  uninterrupted  access  to  the  business 
center  of  town  ;  also  all  of  the  population  of  the  North  side  south  of 
North  branch  harbor  entrance,  and  all  that  of  the  South  side 
north  of  the  South  branch  harbor  entrance.  Taking  the  pop- 
ulation distributed  to-day  as  shown  on  a  population  map  prepared  for 
the  Chicago  Sanitary  district,  there  would  be,  under  the  worst  possi- 
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ble  location  for  such  entrance,  only  15  per  cent,  of  the  people  who 
would  need  to  cross  a  movable  bridge  to  reach  the  business  center,  and 
only  six  per  cent,  with  certain  possible  locations  that  can  be  made. 
Now,  about  70  per  cent,  has  to  do  so.  But  such  figures  do  not  give 
an  adequate  idea  of  the  reduction  in  the  number  of  crossings  of  mov- 
able bridges  which  would  result.  As.it  now  is,  there  are  thousands 
of  crossings  of  the  down  town  bridges  occasioned  by  business  inter- 
course during  the  day.  There  are  thousands  of  teams  and  persons 
each  crossing  back  and  forth  many  times  a  day,  on  business  errands. 
So  that  it  is  impossible  to  estimate  the  lessening  of  the  bridge  evil 
which  will  occur  from  the  change  in  harbor  entrances  as  proposed. 

Again,  the  population  in  the  Calumet  region  is  essentially  a  local 
one.  It  is  a  manufacturing  population,  very  few  of  whom  have  occa- 
sion to  visit  the  business  center  regularly.  When  these  things  are 
considered,  it  is  safe  to  say  that  the  actual  crossings  of  movable 
bridges  would  be  less  than  10  per  cent,  of  what  they  now  are,  if  pos- 
sible changes  in  the  harbor  entrances  were  made;  and  the  evils  aris- 
ing therefrom,  including  the  g'eneral  interruption  to  street  travel  in 
the  business  center,  would  be  immeasurably  reduced. 

Any  bridge  nuisance  which  is  likely  to  be  brought  into  being  is 
preferable  to  that  which  is  in  existence,  and  no  method  of  harbor  im- 
provement which  perpetuates  the  present  regimen  should,  in  our 
opinion,  receive  serious  consideration. 

On  the  other  hand,  as  has  already  been  pointed  out,  no  method 
which  involves  the  absolute  closing  of  the  Chicago  harbor  is  feasible. 
These  two  propositions  may  be  said  to  be  the  determining  factors  of 
the  problem.      The  harbor  cannot  be  closed  but  the  bridges  must  be. 

There  seems  then  only  one  alternative,  a  harbor  entrance  to  the 
South  Branch  and  one  to  the  North  Branch.  The  proper  locations  for 
these  entrances  are  matters  of  detail  into  which  this  committee  can- 
not undertake  to  enter,  except  to  submit  the  opinion  that  these  open 
channels  shall  be  located  as  far  as  practicable,  so  as  to  interfere  the 
least  with  existing  conditions  of  population,  rapid  transit  and  railway 
entrances  to  the  heart  of  the  city. 

It  has  frequently  been  suggested  that  the  bridge  evil  can  be  done 
away  with  by  a  resort  to  tunnels  under  the  river,  but  as  has  hereto- 
fore been  pointed  out,  this  project,  though  wholly  impracticable  in 
the  center  of  the  city  where  the  approaches  would  extend  a  quarter 
of  a  mile  from  the  river  into  business  property  which  is  worth  from 
$5,000  to  $10,000  a  front  foot,  is  not  impracticable  many  miles  from  the 
center  of  business  where  the  property  is  used  for  residences.  It  is 
entirely  feasible  to  provide  tunnel  passages  for  streets  in  such  a  case 
without  permanent  damage  to  the  neighborhood;  and  to  provide  that- 
all  the  main  lines  of  railroads  cross  in  like  manner. 
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But  it  will  be  asked,  how  is  this  to  be  accomplished?  Where  are  the 
many  millions  of  dollars  to  come  from  which  will  be  required  to  carry 
out  such  a  work?  To  one  who  realizes  the  importance  of  the  work  and 
the  immense  resources  of  this  city  and  the  U.  S.  government,  which 
could  be  made  available,  the  most  difficult  part  of  the  problem  is  not, 
how  to  raise  the  funds;  not  how  .the  work  is  to  be  executed  in  an  engi- 
neering- way;  but  how  is  a  public  spirit  to  be  awakened  in  the  community 
adequate  to  consolidate  sentiment  and  direct  effort  along  the  proper 
lines? 

A  measure  which  can  be  made  to  greatly  aid  the  solution  of  this 
problem  is  found  in  the  Sanitary  District  law,  under  which  the  Sani- 
tary District  of  Chicago  has  been  organized. 

By  the  requirements  of  this  law,  the  Sanitary  District  must  pro- 
vide a  main  drainage  channel  from  the  Chicago  river  to  the  Desplaines 
river  at  Joliet,  of  sufficient  capacity  to  dilute  the  sewage  of  the  Dis- 
trict with  not  less  than  20,000  cubic  feet  of  water  per  minute  for  each 
100,000  people.  This  will  require  for  a  population  of  3,000,000  of  peo- 
ple, 600,000  cubic  feet  of  water  per  minute.  This  channel  will  be 
available  for  an  interior  harbor  many  miles  in  length  of  unexcelled 
excellence,  and  only  needs  adequate  connection  with  Lake  Michigan  to 
settle  the  question  of  marine  terminals  for  this  port.  To  the  end  of 
obtaining  this  connection  the  Sanitary  Law  also  works. 

To  render  the  main  drainage  channel  fully  effective,  channels  for 
water  must  be  made  between  the  lake  and  the  North  and  South 
branches,  which  will  only  require  proper  treatment  to  serve  the  pur- 
pose of  harbor  entrances. 

(See  Report  of  the  "Drainage  and  Water  Supply  Commission"  of 
Chicago,  published  in  1887.) 

The  Sanitary  District  has  full  power  to  make  such  channels  in  such 
a  way  as  to  fully  subserve  the  needs  of  drainage.  To  meet  the  needs 
of  navigation,  the  co-operation  of  the  city  and  the  United  States 
government  should  be  secured;  and  to  do  so  should  not  be  considered 
beyond  the  range  of  possibilities. 

Much  more  complicated  feats  of  statesmanship  than  is  required  to 
bring  about  such  co-operation,  have  been  performed;  much  greater 
expenditure  of  public  funds  has  been  made  on  works  of  far  less  im- 
portance; and  far  more  difficult  engineering-  works  have  been  executed 
than  this;  though  few,  if  any,  have  ever  been  undertaken  that  are  more 
pregnant  with  great  results  to  the  City,  the  State,  and  the  Nation. 

By  following  out  this  combined  work  on  proper  lines,  the  Nation 
may  aid  in  the  development  of  a  harbor  at  Chicago,  which  will  be 
commensurate  with  the  city's  importance,  and  secure  the  building  of 
a  section — and  the  most  difficult  section  at  that — 30  to  40  miles  in 
length,  of  a  waterway  to  the  Gulf  of  Mexico;  the  Sanitary  District  of 
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Chicago  will  have  finally  settled  the  sanitary  problem  so  far  as  main 
drainage  is  concerned;  and  the  city  will  have  solved  the  bridge  and 
harbor  problems  at  one  stroke,  and  will  be  put  in  a  position  to  invite 
the  commerce  of  the  world,  and  to  urge  the  carrying  out  of  a  deep 
water  project  to  the  Atlantic  without  fear  that  after  it  is  consumma- 
ted, it  will  contribute  more  to  the  benefit  of  a  rival  port  than  to  its 
own  prosperity. 

By  solving  the  bridge  problem,  it  removes  the  fetters  which  now 
repress  a  healthy  internal  development,  and  opens  a  field  before  it, 
adequate  for  the  heritage  of  a  city  soon  to  count  its  inhabitants  by 
millions. 

Of  all  the  questions  which  have  faced  the  City  of  Chicago,  none 
will  compare  with  the  combined  problem  of  commerce  and  drainage, 
in  importance.  In  the  wisdom  and  resolution  of  the  public  officers 
charged  with  directing-  the  course  of  the  city,  and  of  the  Sanitary  Dis- 
trict, depends  the  commercial  future  of  Chicago  to  an  extent  compre- 
hended by  none. 


THE  RAILWAY  PROBLEM, 


In  Chicago,  to  use  the  words  of  an  illustrious  American  Statesman, 
"A  condition,  not  a  theory,  confronts  us." 

Agencies  which  have  combined  to  make  the  unprecedented  growth 
and  prosperity  of  this  great  City  possible,  have  become  so  entangled 
with  the  resulting  development  as  to  become  a  menace  to  the  good  of 
the  community.  The  interdependence  between  these  agencies  and  the 
City  remains  a  fact  and  the  questions  which  must  be  solved  pertain  to 
safety  to  life  and  limb,  public  convenience  and  economy  in  the  meth- 
ods of  transporting  people  and  merchandise. 

The  railroads  which  come  within  the  corporate  limits  are  all  main- 
ly operated  upon  the  grades  of  the  City's  streets  and  where  these  tracks 
cross  each  other  it  is  upon  the  same  plane.  The  danger  of  which  to 
the  general  public  may  be  made  apparent  by  stating  the  deaths  trace- 
able to  Railroads,  these  the  statistics  for  1890  show  to  have  been  245  per- 
sons within  the  City  limits.  It  is  true  that  by  far  the  greater  number  of 
these  deaths  occurred  upon  the  private  grounds  of  the  railroads,  where 
the  victims,  unless  employees,  were  in  point  of  fact  trespassers  tempt- 
ing their  fate ;  but  this  fact  does  not  mitigate  the  horror  of  the  destruct- 
ion of  life  chronicled. 

It  seems  to  your  Committee,  however,  to  be  a  waste  of  words  to 
attempt  to  present  a  situation  which  is  so  well  understood  and  so  per- 
sonally felt  by  every  active  and  intelligent  citizen.  "What  all  seek  is 
a  remedy  for  evils  which  all  recognize.  So  far  as  the  Railroads  are 
concerned  the  hope  of  relief  lies  in  separating  their  planes  of  travel  from 
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those  of  the  streets  and  public  highways  by  placing  the  railways  upon 
one  level  and  the  streets  upon  another  and  also  putting  intersecting 
lines  of  railway  upon  different  planes,  where  they  cross  each  other. 
This  may  be  done  in  several  ways. 

1st.  The  railways  may  be  lifted  entirely  above  the  streets  and 
highwa3rs  to  such  a  height  that,  with  streets  remaining  at  their  pres- 
ent grades,  ample  head  room  will  be  afforded  for  all  kinds  of  vehicu- 
lar passage  beneath  the  tracks. 

2nd.  The  streets  may  be  carried  over  the  railways  by  means  of  vi- 
aducts. 

3rd.  The  streets  may  be  carried  beneath  the  railways  by  using 
subways. 

4th.  The  railways  may  be  depressed  and  operated  in  open  cuttings 
and  the  streets  may  be  carried  at  or  near  their  present  grades  over  the 
tracks  thus  depressed. 

5th.  There  may  be  a  compromise  between  the  first  and  third  meth- 
ods by  which  the  railways  may  be  elevated  partially  and  the  streets 
at  their  crossings  of  such  lines  may  be  depressed  to  an  extent  limited 
by  the  practicability  of  draining  the  depression. 

Your  Committee  does  not  believe  it  to  be  consonant  with  practica- 
bility or  sound  public  policy  to  prescribe  any  one  of  the  methods  here 
outlined,  for  all  of  the  Railways  entering  the  City,  or  for  all  portions 
of  any  one  line.  The  conditions  existing  along  each,  and  varying  on 
different  portions  of  the  same  line  must  all  be  studied  and  that  mode 
of  construction  I'esorted  to  which  will  afford  the  relief  sought  with 
the  least  outlay  of  money  and  the  smallest  damage  to  public  and  priv- 
ate interests.  Any  wholesale  attempt  to  revolutionize  immediately 
the  existing  condition  of  things  would  result  in  such  an  increase  of  the 
fixed  charges  of  the  railroads  that  the  public  would,  as  a  consequence, 
suffer  in  its  material  interests. 

The  popular  demand  is  for  elevated  railways  as  a  solution  of  the 
whole  transportation  problem  and  there  is  much  to  be  urged  in  justi- 
fication of  such  a  demand.  As  a  means  of  transporting  passengers  the 
elevated  railway  will  always  be  popular  with  the  traveling  public,  as 
use  has  demonstrated  the  safety  of  such  systems  and  they  afford  to  the 
traveller  better  light  and  a  more  extended  view  than  even  the  surface 
railroad.  Against  their  construction,  however,  many  serious  object- 
ions present  themselves.  From  the  standpoint  of  the  City  they  may 
be  objected  to  as  limiting  the  use  of  the  street  which  they  cross  or  oc- 
cupy. They  obstruct  the  view  and  are  not  sightly  in  themselves. 
Their  very  great  cost  for  construction  and  consequential  damages 
which  must  be  paid  to  abutting  property  owners  makes  it  difficult  to 
secure  the  investment  of  capital  adequate  for  the  outlay  which  would 
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^be  involved  in  any  comprehensive  plan  for  elevating  Chicago's  rail- 
way tracks. 

The  second  alternative  presented,  that  of  viaducts  over  the  rail- 
ways, for  all  street  crossings  is  open  to  very  grave  objections.  Such 
structures  involve  a  very  large  outlay  of  money  for  original  construc- 
tion and  their  maintenance  is  a  perpetual  tax  upon  the  City.  Proper- 
ty fronting  their  approaches  is  seriously  damaged.  The  City  is  disfig- 
ured by  such  structures  and  the  cost  of  cartage  is  increased  by  rea- 
son of  limiting  the  loads  which  may  be  hauled  up  the  approaches  and 
thus  a  perpetual  tax  is  laid  upon  the  whole  community.  Hence  in 
our  opinion  viaducts  should  only  be  resorted  to  in  situations  where 
they  afford  the  only  means  of  relief. 

The  third  alternative,  that  of  passing  the  streets  beneath  the  rail- 
ways by  subways,  the  tracks  remaining  at  present  grades,  is  open  to 
-the  same  objections  which  lie  against  viaducts  and  our  conclusions  re- 
garding the  use  of  the  two  methods  are  the  same. 

The  fourth  alternative,  that  of  operating  the  railroads  in  open  cut- 
-tings  and  carrying  the  streets  across  the  same  at  or  about  the  existing 
grades  is  a  practical  solution  of  the  problem  involved  which,  while  it 
cannot  be  urged  for  universal  adoption,  is  yet  so  meritorious  as  to  de- 
serve the  most  careful  consideration.  From  the  standpoint  of  the  citi- 
zen who  wishes  to  have  safe  and  unobstructed  streets  and  to  remove 
from  vision  all  that  is  unsightly  as  the  concomitant  of  railroad  occu- 
pation this  solution  is  the  ideal  one.  We  therefore  present  its  claims 
at  some  length. 

Owing  to  the  fact  that  the  natural  surface  of  a  very  larg-e  area  of 
the  City  is  but  little  above  the  level  of  Lake  Michigan  every  depressed 
or  subterranean  plan  for  roadways  must  at  the  outset  encounter  the 
drainage  problem  and  our  conclusions  as  to  whether  that  obstacle  can 
be  overcome  must  first  be  reached  and  stated.  We  are  well  satisfied 
that  this  difficulty  can  be  met  without  incurring  an  outlay  which 
would  be  prohibitory  or  indeed  serious  as  compared  with  the  advan- 
tages to  be  secured.  Two  tunnels  under  the  Chicago  River  which 
have  been  in  use  for  many  years,  demonstrate  the  feasibility  of  keep- 
ing such  subways  dry;  and  the  tunnel  under  the  St.  Clair  River,  which 
is  subject  to  conditions  rmich  more  trying  than  either  of  these,  is 
another  object  lesson  in  confirmation  of  our  conclusions.  These  practi- 
cal demonstrations  will  suffice  without  multiplying  examples  further. 
For  open  cuttings  below  the  line  of  saturation  the  problem  is  no  more 
difficult;  although  in  rainy  seasons  the  quantity  of  water  to  be  cared 
for  would  be  increased  in  proportion  to  the  area  of  the  exposed  road- 
way. These  open  cuttings  would,  in  most  sections  of  the  Citj^,  be 
through  clay  which  is  nearly  impervious  to  water,  and  what  little 
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seepage  there  might  be  would  be  excluded  by  the  side  walls  if  laid  in 
cement. 

At  intervals  along  the  cut  sumps  would  have  to  be  provided  con- 
nected by  a  sewer  which  would  convey  all  water  entering  the  cut  to  a 
properly  located  and  equipped  pumping  station.  Another  apparent 
difficulty  «to  be  encountered  in  these  open  cuts  is  the  interception  of 
sewers,  water  and  gas  mains.  Without  any  question  the  water  and 
gas  mains  can  easily  be  carried  beneath  the  roadway  of  the  cut.  With 
sewers  the  problem  is  more  difficult  but  we  are  fully  satisfied  that  it 
can  be  successfully  solved  by  the  use  of  properly  constructed  syphons. 

Disposing  of  the  material  which  would  be  removed  from  these  cut- 
tings would  be  a  very  important  element  in  the  problem  of  construc- 
tion, but  by  a  compromise  between  the  City  and  the  corporation  per- 
forming the  work  this  difficulty  could  be  overcome  and  good  results 
would  be  attained.  The  sti'eet  grades  of  Chicago  are  in  many  places 
too  low,  to  admit  of  their  being  underlaid  with  sewers  having  suffi- 
cient gradients  to  insure  a  proper  flow  and  give  the  best  sanitary  re- 
sults. Our  suggestion,  therefore,  is  that  the  material  excavated  from 
the  cuts  shall  be  used  to  raise  the  grade  of  adjacent  streets  and  prop- 
erty. This  method  of  providing  for  a  large  number  of  tracks  is  in  our 
view  the  most  economical  that  can  be  resorted  to  and  would  effect  a 
great  saving  over  any  method  of  elevated  construction.  The  heaviest 
cost  would  be  for  the  side  walls  whieh  would  cost  the  same  for  any 
number  of  tracks,  or  any  desired  width  of  cutting.  To  the  railroads 
an  objection  to  the  depressed  system  would  arise  during  the  winter 
season  from  snow  blockades:  but  this  objection  is  not  so  serious  as  it 
at  first  appears  for  where,  as  in  this  City,  numbers  of  tracks  parallel 
each  other  it  is  imposssble  to  use  snow  plows  as  a  means  of  keeping 
them  clear  and  therefore  large  numbers  of  men  have  to  be  employed 
to  shovel  off  and  remove  the  snow;  and  this  work  would  be  more  dif- 
ficult or  costly  in  depressed  tracks  than  it  now  is  on  the  surface.  With- 
out going  into  accurate  estimates  of  costs  based  upon  definite  plans  we 
are  warranted  in  asserting  that  the  cost  of  maintaining  the  necessary 
pumping  works  fully  adequate  to  the  task  of  keeping  these  depressed 
roadways  dry  would  be  scarcely  more  than  a  tithe  of  what  is  now  paid 
for  the  wages  of  watchmen  and  the  interest  on  first  cost  of  safety  ap- 
pliances at  street  crossings  with  cost  for  repairs  &c. ,  added.  Work 
under  this  system  once  done  would  constitute  a  permanent  improve- 
ment. The  street  and  the  railway  would  be  forever  divorced,  railway 
transit  could  be  as  rapid  as  any  demand  upon  it  would  justify;  and 
freight  trains,  long  or  short  could  be  handled  to  suit  the  convenience 
of  the  railroad  without  obstructing  any  City  thoroughfare.  More- 
over it  would  be  altogether  feasible  to  make  the  entire  area  above 
these  open  cuttings  available  for  building  purposes  should  the  demand 
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for  building  space  justify  the  outlay.  To  provide  for  such  a  contin- 
gency the  track  should  be  so  spaced  as  to  admit  of  placing  supporting 
columns  between  them. 

Under  the  head  of  depressed  roadways  we  must  also  consider  tun- 
nels. 

The  substratum  of  Chicago  is  very  favorable  to  tunnel  work  and 
from  all  the  indications  no  unusual  obstacles  would  have  to  be  over- 
come. In  some  sections  of  the  City  rock  would  be  encountered  but  the 
underlying  stratum  is  mostly  clay.  Tunnels  may  be  used  to  advan- 
tage at  depths  which  would  admit  of  connecting  objective  points  by 
direct  lines  thus  saving  distance  and  time.  For  passenger  service 
some  motive  power  other  than  steam  should  be  used  to  avoid  vitiating 
the  atmosphere.  The  wonderful  development  in  the  art  of  elevator 
construction  makes  it  possible  to  provide  for  moving  heavy  loads  and 
great  numbers  of  people  from  one  plane  to  another  of  different  height 
without  delay  or  inconvenience  and  at  a  very  reasonable  expenditure 
for  the  service  obtained,  and  it  is  self  evident  that  any  mechanical 
methods  of  interchanging  business  between  elevated  tracks  and  the 
surface  can  be  made  to  accomplish  like  results  in  making  the  inter- 
change between  any  depressed  system  and  the  surface.  It  seems  to 
your  Committee  that  in  disentangling  the  railway  systems  of  Chicago 
the  open  cut  and  the  tunnel  will  each  have  to  play  an  important  part 
in  separating  the  planes  of  travel  of  the  several  roads  now  crossing  each 
other  at  grade.  Moreover  with  the  Sanitary  District  of  Chicago, 
created  under  the  laws  of  the  State  of  Illinois,  in  motion  and  working 
toward  the  accomplishment  of  certain  definite  ends,  it  is  impossible  for 
this  Committee  to  refuse  to  recognize  the  inevitable  conditions  which 
the  accomplishment  of  the  plans  outlined  by  the  Sanitary  District  law 
and  which  are  dwelt  upon  more  fully  under  the  head  of  Marine  Com- 
merce would  bring  about.  If  these  plans  are  carried  to  a  conclusion 
in  their  entirety  then  Chicago  will  become  mainly  an  Island  City  and 
all  approach  to  it  from  the  outside  world  must  be  by  bridges  spanning 
the  new  channels  or  by  tunnels  under  them. 

The  fifth  alternative,  that  of  a  partial  elevation  of  tracks  and  a 
partial  depression  of  streets  now  remains  to  be  considered. 

Under  some  conditions  this  method  of  obtaining  the  relief  sought 
may  be  regarded  as  a  reasonable  compromise  between  the  citizens  as 
represented  by  their  legislators  and  executives  and  the  corporations 
owning  the  railroads.  In  such  cases  a  height  of  not  less  than  nine  feet 
from  the  existing  street  level  to  the  bases  of  the  rails  should  be  insisted 
upon;  allowing  eighteen  inches  for  the  depth  of  floor  of  the  bridge 
spanning  the  street  and  depressing  the  street  four  and  one-half  feet, 
a  clear  head  room  of  twelve  feet  would  be  secured  which  is  the  head 
room  accepted  in  Eastern  cities  in  similar  cases.      This  semi-elevated 
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construction  would  be  accomplished  by  filling  between  retaining  walls 
built  upon  the  right  of  way  lines.  The  advantage  of  such  construc- 
tion would  be  its  cheapness  and  permanency  as  compared  with  the 
elevated  system,  affording  as  it  would  every  facility  for  rapid  transit 
and  unobstructed  operation  of  trains  for  a  comparatively  moderate 
outlay.  The  objections  lie  in  limiting  the  use  of  streets  and  highways 
and  the  unsightliness  of  the  structure.  These  are  the  ways  in  which 
the  problems  with  which  we  have  to  deal  may  be  solved  but  not  with- 
out much  careful  preliminary  consideration,  negotiation  and  com- 
promise. 

Preliminary  to  effective  and  comprehensive  work  must  come  har- 
monious and  concerted  action  on  the  part  of  the  railroads,  whose  rep- 
resentatives should  meet  the  civil  authorities  prepared  to  concede  all 
that  may  reasonably  be  asked,  and  to  co-operate  in  every  well  directed 
effort  to  alleviate  or  eradicate  the  evils  of  crossings  at  grade.  And 
the  representatives  of  the  marine  interests  should  join  hands  with  both 
the  civil  authorities  and  the  railroads  in  arriving  at  a  final  settlement 
of  the  harbor  question  upon  a  basis  which  would  insure  to  the  city  and 
the  transportation  interests  the  most  beneficial  and  lasting  results. 
But  long  before  all  of  the  reforms  which  we  hope  to  see  as  the  results 
of  a  rearrangement  of  the  planes  of  travel  can  possibly  be  entered  up- 
on, the  people  and  the  railroads  may  reap  the  benefit  of  a  change  in 
methods  of  doing  business.  No  freight  designed  for  points  beyond 
Chicago  should  ever  be  handled  in  the  city  yards.  Yards  should  be 
established  outside  of  the  city  limits  where  all  the  interchange  switch- 
ing should  be  done.  A  centralized  aggregation  of  yards  like  the  Chi- 
cago Union  Transfer  Co. ,  outside  the  city  would  greatly  facilitate  the 
dispatch  with  which  this  interchange  business  could  be  conducted  and 
by  the  convenience  of  arrangement  and  the  simplicity  of  move- 
ment involved,  the  cost  of  doing  the  work  would  be  minimized. 

The  Belt  roads  should  be  used  in  making  freight  transfers  between 
the  various  roads;  and  if  the  facilities  afforded  by  the  existing  roads 
are  inadequate  then  all  the  roads  should  unite  in  constructing  a  Belt 
road;  all  sharing  in  the  cost  of  construction.  This  road  when  com- 
pleted should  be  used  as  a  means  of  interchanging  business  upon  the 
basis  of  actual  cost  for  the  services  rendered. 

Your  Committee  ventures  the  following  suggestions  which  seem 
worthy  of  study  and  development,  viz. ,  the  organization  of  a  Chicago 
City  Terminal  Association.  To  this  Association  the  holdings  of  all 
the  companies  now  having  terminal  property  in  Chicago  to  be  leased 
upon  an  agreed  valuation  and  the  lessor  companies  to  have  represent- 
ation in  the  management  of  the  new  association.  The  corporation 
thus  formed  to  control  and  operate  the  properties  acquired  under  its 
lease  and  also  a  centralized  group  of  yards  at  or  near  the  city  limits, 
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which  yards  should  become  the  Chicago  terimini  of  the  several  lines 
now  existing  or  to  be  built  hereafter.  Each  road  having  a  sufficient 
yard  assigned  to  it.  There  all  freight  for  Chicago  should  be  turned 
over  to  the  Terminal  Association  and  delivered  by  it  to  City  consignees 
at  the  yard  or  freight  house  nearest  the  place  of  business  of  said  con- 
signee. Freight  leaving  the  City  to  be  delivered  to  the  Terminal  As- 
sociation properly  consigned  including  the  designation  of  the  route  and 
the  Association  to  receive  the  same  as  the  freight  house  or  yard  most 
convenient  to  the  consignor  and  deliver  the  same  to  the  road  via  which 
it  is  consigned  at  the  outside  terminal  yard  of  said  road.  Were  such 
an  arrangement  as  this  perfected  a  great  deal  could  be  accomplished 
in  the  way  of  reducing  the  number  of  railroad  grade  crossings,  all 
tracks  being  under  one  management  changes  could  be  made  in  their 
arrangement  which  would  prove  most  advantageous.  Much  of  the 
freight  which  now  comes  into  the  City  and  is  stored  by  the  wholesale 
houses  might  be  stored  in  warehouses  (bonded  or  otherwise)  built  for 
the  purpose  at  the  outside  terminal  yards,  these  houses  could  be  a  part 
of  the  plant  of  the  Terminal  Association  and  be  made  to  yield  an  income 
from  rentals  which  the  merchants  could  afford  to  pay.  Having  these 
houses  as  depots  of  supply  merchants  could  sell  by  sample  and  take 
the  stock  sold  from  these  depositories  and  thus  a  vast  tonnage  of  bulky 
material  be  kept  outside  the  congested  areas.  Under  proper  limita- 
tions much  of  the  freight  transfer  between  the  congested  districts  and 
the  outer  terminals  could  be  made  at  night.  With  all  the  railroad 
holdings  under  one  management  it  might  prove  practicable  and  advan- 
tageous to  establish  one  grand  union  passenger  station  or  at  least  to 
reduce  the  number  of  stations  to  four  so  located  as  to  conduce  to  the 
greater  convenience  of  the  travelling  public. 


INTRAMURAL  RAPID  TRANMT. 


In  populous  districts  rapid  transit  can  never  be  attained  upon  the 
street  levels.  A  multiplication  of  street  railways  whether  the  modes 
of  propulsion  used  be  horse  power,  electric  motor,  cable  traction,  or 
steam;  or  whatever  other  power  the  future  may  develope  will  not  give 
rapid  transit;  although  every  added  line  of  travel  increases  the  ability 
to  handle  a  large  volume  of  busines.  Rapid  transit  can  only  be  attain- 
ed by  resorting  to  elevated  or  depressed  tracks,  and  all  that  has  been 
said  in  this  report  about  the  application  of  these  methods  to  the  uses 
of  standard  steam  railways  applies  with  almost  equal  force  to  railways 
for  passenger  travel  only.  The  preference  of  the  traveller  will  probably 
be  always  for  the  elevated  system  because  it  affords  better  light,  freer 
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circulation  of  air,  and  a  more  extended  view:  besides  its  undoubted  safe- 
ty as  demonstrated  by  long  use;  in  testimony  of  which  see  statistics 
in  appendix  as  given  by  Col.  Hain,  General  Manager  of  the  Manhattan 
Railway  Company.  The  objection  to  elevated  railways  for  whatever 
purpose  used  have  been  already  stated  in  this  report  and  your  Com- 
mittee believes  that  such  structures  should  not  be  allowed  to  occupy 
public  streets  except  at  crossings.  "When  built  they  should  be  con- 
fined to  the  occupancy  of  rights  of  way  procured  by  the  corporation 
building  them  or  else  to  public  alleys,  where  the  damage  to  abutting 
property  would  be  minimized.  The  City  has  much  to  gain  in  the  way 
of  unobstructed  street  travel  by  the  adoption  of  depressed  ways  and 
tunnels  for  rapid  transit  routes.  And  only  by  resorting  to  tunnels  be- 
neath the  River  can  uninterrupted  communication  between  the  differ- 
ent divisions  of  the  City  be  attained,  so  long  as  the  River  channels  are 
kept  open  to  navigation  as  at  present  conducted. 


APPLICATION  OF  POWER  IN  THE  RAILROAD  PROBLEM. 


Up  to  a  comparatively  recent  period  water  and  steam  power  have 
been  almost  universally  used  for  manufacturing  and  mechanical  pur- 
poses, but  in  the  use  of  steam  there  is  a  great  waste  of  power  without 
much  prospect  of  remedying  it. 

Within  the  last  few  years,  however,  electricity,  which  had  been 
previously  comparatively  dormant,  has  been  rapidly  supplanting  steam 
and  gas  and  onljT  a  cheaper  method  of  generating*  it  (which  will,  no 
doubt,  be  realized)  is  required  to  enable  it  to  substantially  take  the 
place  of  steam  and  gas  in  many  places  where  the  latter  are  now  used. 

The  most  satisfactory  and  perfect  success  in  the  use  of  electricity 
has  lately  been  attained  in  the  underground  railroad  in  London  called 
the  London  and  Southwark  Sub-way,  extending  in  a  southerly  direc- 
tion from  the  monument  in  King  William  street,  near  the  north  end 
of  London  bridge,  under  the  Thames  River  to  Southwark.  It  is  3£ 
miles  long.  The  report  states  that  it  was  opened  for  business  in  Octo- 
ber 1890  at  a  cost  of  $3,000,000. 

Ten  trains  run  continuously  on  two  or  three  minutes  headway. 
The  road  lies  from  40  to  60  feet  below  the  surface  of  the  streets.  The 
tunnels  and  the  trains  are  electrically  lighted  and  the  trains  are  run 
by  electricity,  the  tunnel  is  perfectly  dry  and  as  there  is  no  fire  or  gas 
in  it,  it  is  claimed  that  the  air  is  as  pure  as  that  of  the  streets. 

*When  the  work  of  this  Committee  was  assigned  to  its  members,  the 
application  of  power  was  allotted  to  Col.  Roswell  B.  Mason  and  this  paper 
is  presented  substantially  as  it  came  from  his  hands  before  he  was  strick- 
en with  the  fatal  illness  which  deprived  this  body  of  his  ripe  experience 
and  time-tested  wisdom. 
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The  shafts  at  stations  are  25  feet  in  diameter  and  in  them  are  placed 
two  water  balanced  elevators  to  take  people  to  and  from  the  platform. 

The  trains  are  run  as  high  speed  as  23  miles  per  hour,  but  in  gener- 
al they  will  not  maintain  a  higher  rate  than  16  miles  per  hour. 

No  other  available  power  could  be  used  that  could  give  such  per- 
fect satisfaction.  The  use  of  electricity,  is  still  in  its  infancy  and  far 
greater  developements  in  the  near  future  are  confidently  anticipated, 
and  in  my  estimation  are  sure  to  be  realized. 

The  lighting  of  tunnels,  underground  railroads,  streets,  offices,  dwell- 
ings and  manufacturing  establishments  is  already  done  to  a  considera- 
ble extent,  and  electricity  is  rapidly  taking  the  place  of  horse  power 
on  our  street  railroads.  It  is  entirely  among  the  possibilities  that  it 
may  take  the  place  of  steam  for  locomotives  on  our  railroads,  especial- 
ly on  short  lines  for  suburban  travel.  Indeed  its  use  may  be  said  to  be 
almost  unlimited  and  it  has  the  decided  advantage  of  cleanliness  over 
steam  power,  which  is  of  immense  importance,  and  it  may  have  the 
further  advantage  of  economy.  In  running'  trains,  electricity  is  a 
growing  power  and  it  is  difficult  to  realize  what  may  be  accomplished 
by  it  in  the  near  future. 

CONCLUSION. 


Your  Committee  is  met  by  conditions  which  are  beyond  the  scope 
or  influence  of  Engineering  skill;  passing'  into  the  domain  of  broad 
statesmanship,  profound  jurisprudence  and  able  financiering.  These 
conditions  arise  in  the  shape  of  corporate,  civic  and  individual  rights 
and  economic  expediency.  There  are  in  this  City  no  less  than  fifteen  (15) 
distinct  rights  of  way  owned  by  surface  railways,  and  your  Com- 
mittee knows  of  but  one  law  which  can  group  these  several  lines  in 
the  occupancy  of  any  reduced  number  of  railway  thoroughfares  and 
terminals:  that  one  law  is  the  decree  of  self  interest.  These  organiza- 
tions can  only  be  brought  to  abandon  present  methods  and  present 
holding's  by  a  strong  conviction  that  such  a  procedure  would  mean 
increased  revenue  by  reducing  expenses  and  increasing  conveniencies 
and  facilities  for  transacting  business.  It  is  within  the  power  of  the 
law  in  the  enforcement  of  the  great  principle  which  demands  that  you 
should  so  use  your  own  as  not  to  injure  another  or  infringe  upon 
anothers  right,  to  compel  these  several  lines  to  so  conduct  their 
operations  as  not  to  endanger  the  lives  or  limbs  of  the  people,  who 
everywhere  in  this  broad  land  enjoy  the  right  to  life,  liberty  and  the 
pursuit  of  happiness.  But  it  does  not  seem  to  be  within  the  province 
of  the  law  to  prescribe  specifications  covering  the  details  involved  in 
the  attainment  of  this  great  end.  The  law  may  order  improvements 
of  such  obvious  merit  that  as  an  abstract  conception  all  must  approve : 
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but  if  the  execution  of  these  improvements  involves  an  outlay  beyond 
the  financial  ability  of  the  parties  in  interest  then  the  majesty  of  the 
law  is  mocked  by  the  poverty  of  the  subject  of  legislation.  In  con- 
clusion we  urge  that  it  be  demanded  of  the  proper  authorities  that  a 
commission  of  Engineers  be  created  to  work  up  this  whole  subject. 
And  that  their  work  may  be  more  intelligent  and  practical,  that  they 
be  given  able  counsel  in  all  questions  involving  legal  rights  and  legal 
methods  of  procedure:  to  the  end  that  the  conclusions  reached  may 
be  authoritative  for  their  broad  and  comprehensive  wisdom.  And 
further  that  prompt  measures  be  taken  to  secure  such  legislation  as 
will  make  the  plans  and  conclusions  of  the  Commission  operative  and 
binding  so  that  the  improvements  recommended  may  be  entered  upon 
at  once  and  pushed  to  completion  as  fast  as  is  consistent  with  the  wel- 
fare and  the  rights  of  all  of  the  parties  in  interest. 


We  the  undersigned  concur  in  the  foregoing  report  with  such  excep- 
tions as  are  noted  opposite  our  names; 


(Signed)  E.  L.  Corthell, 

"  isham  raxdolph, 

"  Bexezette  Williams, 

"  Hiero  B.  Here, 

"  Wm,  Sooy  Smith. 


Oliver  B.  Geeex 


Except  as  to  the  Railroad  Problem. 
Except  as  to  River  and  Harbor. 


Except  that  I  do  not  think  Engi- 
neers should  do  so  much  profes- 
sional work  without  pay  and  un- 
asked by  the  public,  or  by  those 
directly  and  especially  interes- 
ted, in  the  problems   discussed. 
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APPENDIX. 


MARINE  COMMERCE, 
Table  I. 

The  freight  tonnage  passing  through  the  Sault  St.  Marie  Falls  canal  during  the  year' 

ending  June  30th,  1890,  was  8,288,580,  and  that  for  the  Detroit  river  for  the 

season  of  18S9  was  19,717,860  tons  classified  as  follows : 

From  U.  S.  Census  Bulletin. 


Building  stone 

Coal 

Copper 

Iron  Ore 

Pig  and  manufactured  iron 

Salt 

Silver  ore 

Lumber 

Laths 

Shingles 

Barley 

Corn 

Flour 

Oats 

"Wheat 

Grain  other  than  wheat 

Grain  other  than  wheat,  barley,  corn  and  oats 

Hides  

"Wool  •• 

Miscellaneous  and  unclassified 


Sault 

Detroit 

St.  Marie. . 

River. 

40,829 

1,894,483  , 

5,313,419 

36,086 

4,404,835 

6,610,293 

72,163 

94,337 

31,164 

47,737 

5,905 

541,591 

2,545,792 

23,699 

27,668 

38,294 

1,777,750 

254,088 

655,395 

262,896 

583,794 

824,451 

76,065 

105,412 

455 

2,597 

344,425 

1,390,717 

Table  II. 
By  the  official  report  of  Gen.  O.  M.  Poe,  the  freight  traffic  through  the  Sault  St.  Marie 
Falls  canal  during  the  past  four  years  has  been  as  follows: 


TEAE. 

Freight 

tonnage 

net. 

Valuation 
of  freight 
tonnage. 

Average 
distance 
carried. 

Total  cost 
of  transporta- 
tion. 

Cost 

per 

ton  mile. 

1877 

5,494,649 
6,411,423 
7,516,022 
9,041,213 

$79,031,758 
82,156,020 
83,732,527 

102,214,949 

811.4 
806.9 
790.4 
707.2 

$10,075,153 
7,883,077 
8,634,246 
9,472,214 

Mills. 
2.3 

1888 

1.5 

1889 

1890 

1.5 
1.3 

Total  tonnage  for  1891,  8,888,795. 

The  total  iron  ore  shipments  by  lake  from  Lake  Superior  mines  for  1890 
amounted  to  8,357,781  gross  tons  and  by  all  rail,  681,158  gross  tons.  Total,  9,038,939 
gross  tons.    (Marine  Review.) 

Table  III. 

The  net  tons  of  freighfpassing  through  the  Suez  Canal  for  the  years  1886,  1887,  1888, 

1889  and  1890,  with  the  number  of  vessels,  was  as  follows : 


1866 
1887 
1888 
1889 
1890 


3,100  vessels. 

5,767,655  tons 

3,137 

5,903,024      " 

3,440 

6,640,834      " 

3,425 

6,783,187      " 

3,389        " 

6,890,014      " 
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Table  IV. 

The  classification  according  to  size  of  the  vessels  composing  the  steam  and  sailing 

tonnage  on  the  lakes,  June  30th,  1890.    From  the  report  of  the 

Commissioner  of  Navigation  for  1890. 


Class. 

SAILING. 

STEAM. 

Number. 

Tonnage. 

Number. 

Tonnage. 

5  to    100  tons 

452 

633 

164 

23 

17,831.49 
168,530.15 
113,551.39 

28,852.92 

808 
320 
112 
272 
8 

29,589.27 
75,655.82 

100  to     500     •'     

500  to  1000     "    

87.009.05 

1000  to  2500     "     

439,786.85 
20,881.96 

Total 

1,272 

328,655.96 

1,527 

652,992.95 

Table  V. 

Compiled  from  Census  Bulletin  No.  29.     Summary  of  the  changes  in  the  floating 

equipment  on  the  great  Lakes  since  1886,  as  relates  to  number  and  tonnage. 


Number  of  Vessels. 

Net  Tonnage  of  Vessels. 

Classification  of 
Vessels. 

18S6. 

1890. 

Increase 

or 
decrease 
per  cent. 

1886. 

1890. 

Increase 

or 
decrease 
per  cent. 

STEUCTUBE. 

Side  Wheel  Steamers 
Propellers  under  1,000 

43 

335 

72 

21 
466 
730 
330 

6 

35 

2 

1954 

937 
1060 

42 

431 

122 

110 
448 
577 
325 

68 

39 

13 

1935 

1153 
902 

—2.3 

23.6 

69.4 

423.8 

—3.9 

—21.0 

—1.5 

1033.0 

11.4 

550.0 

1.0 

23.0 
—15.0 

14,150 

177,402 

86,728 

34,868 
11,737 
183,792 
125,975 

6,459 

22,714 

63 

605,416 

324,885 
309,767 

16,949 

154,292 

151,611 

188,390 

12,520 

152,620 

144,038 

99,457 

23,673 

13,554 

688,676 

523,702 
302,658 

19.3 
— 13  00 

Propellers  between 

1,000  and  1,500  tons 

Propellers   over    1,500 

74.8 
440.3 

Tugs 

6.7 

—13.7 

14.3 

MATERIAL. 

Steel 

1439.8 

8.6 

Wood 

21414.0 
13.7 

SAIL  Or  STEAM. 

61.2 

Salinig  vessels 

—2.3 

1997 

2055 

2.9 

634,652 

826,360 

30.2 

Table  VI. 

•Giving  a  record  of  boats  built  at  Lake  Ship  Yards  since  1886,  including  those  under 

contract  for  1889-91 . 

{See  Report  of  Commissioner  of  Navigation  for  1890,  page  366.) 


YEAE. 

Number 
of 

boats. 

Capacity 
gross 
tons. 

Average 

capacity 

gross  tons. 

Valuation. 

Average 
valuation. 

1886-S7  

31 
60 
59 
56 
38 
211 

65,750 
108,525 
100,950 
121,750 

77,950 
477,925 

2,121 

1,809 
1,711 
2,228 
2,051 
1,950 

$1,074,000 
8,325,000 
7,124,000 
7,866,000 
5,337,000 

32,726,000 

$131,417 

18S7-S8  

138,750 

1S88-S9 

120,695 

1889-90  

140,464 

Under  contract  1890-91 

140,447 
134,123 

Table  VII. 

Tonnage  of  vessels  built  on  the  Great  Lakes  for  each  of  the  several  years. 

(See  Report  of  the  Commissioner  of  Navigation  for  1890,  page  351.) 


Year  ending  June  30th, 


1857 

1858 

1859 

1860 

1861 

1862 

1863 

1864 

1865 

1866 

1867 

1868 

1869 

1870 

1871 

1872 

1873 

1874 

1875 

1876 

1877 

1878 

1879 

1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

Total 


Tonnage. 


51, 

31, 

6, 

11, 

23, 
53, 
67, 
49, 
36, 
3S, 
39, 
56, 
49, 
37, 
43, 
44 
92, 
91, 
29, 
16, 
8, 
11, 
15, 
22, 
.13, 
58, 
28, 
30, 
26, 
20, 
56, 
101, 
107, 
108, 


498 
642 
180 
992 
467 
804 
972 
151 
641 
204 
679 
798 
460 
258 
897 
611 
448 
986 
871 
124 
903 
438 
133 
899 
504 
369 
638 
431 
826 
400 
888 
103 
080 
526 


1,537,623 


Table  viii. 
Total  documented  shipping  of  the  U .    S.   and  of  the  United  Kingdom  to  June 
30th,  1890,  taken  from  Report  of  the  Commissioner  of  Navigation . 


Ships  in  Foreign    Trade 

"      "  Coastwise  Trade 

"      "  Western  Rivers 

'•      "  Fisheries  on  Seacoast 

"    on  Northern  Lakes 

Totals i 

Total  Pacific  Coast  Shipping  Including  Fisheries  In 
eluded  in  Above 


1,527  of 
15,748  " 
1,223  " 
1,459  " 
3,510    " 


23.467 


1,402 


946,695.44  tons 
2,051,925.00     " 

^94,446.59     " 

68,366.41     " 

1,063,064.00     " 


4,424,497.44 


428,391,55 
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The  total  documented  tonnage  on  the  Lakes,  June  30th,  1891, 1,154,870. 
Total  shipping,  United  Kingdom,  steamers  100  tons  gross  and  sailing  vessels  of 
100  tons  net,  in  1889. 


Steam 

Sail 

Colonies,  Steam 

Sail 

Total  British  Empire 


7,774,644  gross  tonnage. 

2,467,212  net  " 

461,210  gross  " 
894,040  net  " 


11,597,106 


Or  52 .34  per  centage  of  the  world. 

Table  ix. 
Showing  the  average  rate  of  freight  per  100  pounds  and  per  ton  niile  on  wheat  from 
Chicago  to  Buffalo  by  Lake  and  from  Chicago  to  New  York  by  Lake  and  Erie 
Canal,  and  by  all  rail— 1858  to  1890  inclusive — compiled  from  Trans- 
portation Routes  to  the  Seaboard,  from  the  Report  of  the  Sen- 
ate Select   Committee  on  Interstate  Commerce,  and 
from  Chicago  Board  of  Trade  Reports.    Rates 
by  Water,  Chicago  to  New  York,  includes 
Transfer  Charges  at  Buffalo. 


Lakes  &  Canal,  Chica- 

Rail, Chicago  to  New 

Lakes,  Chicago  to  Buffa- 

go to  New  York,  Dis- 

York, 979  Miles,  viz. : 

lo,  Distance,  889  Miles. 

tance,  1,384  Miles. 

L.S.&N.Y.  Central. 

Year. 

Cents  per  100 

Mills  per 

Cents  per 

Mills   per 

Cents  per 

Mills  pei- 

lbs. 

ton  Mile. 

100  lbs. 

ton  Mile. 

100  lbs. 

ton  Mile. 

1858 

26 

64 

1859 

28 

58 

1860 

16 

3.6 

43 

4.7 

58 

12.2 

1861 

20 

43 

69 

1862 

18 

45 

30 

1863 

12 

39 

82 

1864 

16 

47 

100 

1865 

15 

3.7 

44 

6.4 

78 

16.7 

1866 

23 

50 

77 

1867 

13 

37 

74 

1868 

13 

42 

63 

1869 

11 

40 

59 

1870 

11 

3.1 

30 

5.7 

50 

13.2: 

1871 

11 

36 

53 

1S72 

18 

44 

58 

1873 

15 

32 

52 

1874 

6.7 

24 

44 

1875 

•6.3 

2.5 

19 

4.5 

40 

10.1 

1876 

5.4 

16 

28 

1877 

6.3 

IS 

34 

1S78 

5.5 

17 

30 

1879 

7.9 

20 

30 

18S0 

9.1 

1.6 

22 

2.7 

33 

6.3- 

1881 

5.7 

14 

24 

1882 

5.8 

12  / 

24 

1883 

5.S 

15 

27 

1884 

4.0 

12 

22 

1885 

4.4 

1.1 

11 

1.9 

22 

4.8 

1886 

6.3 

15 

25 

1887 

7.0 

16 

26 

188S 

4  6 

12 

24 

1889 

4.4 

11 

25 

1890 

3.4 

1.1 

11 

1.9 

24 

5.1 
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Table  s. 

Average  Freight  Rates  on  Articles  of  Commerce  Passing  Through,  the  Sault  St.  Marie 

Canal  for  the  Years  Given,  Taken  from  the  Official  Report  of  Gen.  O.  M. 

Poe,  Dated,  May  14th,  3891. 


Commodity. 


Coal  per  net  ton 

Flour  per  barrel 

Wheat  per  bushel 

Grain  including  wheat,  corn  and  oats 

for  18S7  and  corn  and  oats  for  1889, 

per  bushel 

Corn  per  bushel , 

Oats  per  bushel 

Manufactured  iron,  including  Pig  for 

1887  per  net  ton 

Pig  iron  per  net  ton 

Salt  per  barrel 

Copper  per  net  ton 

Iron  ore  per  net  ton 

Lumber  per  M.  f eet,  B.  M 

Bullion  per  net  ton 

Building  stone  per  net  ton 

General  merchandise  per  net  ton 

Average  distance  freight    was  carried 

miles 

Average  rate  of  freight  per  ton  mile, 

terminal  charges   included 


1887. 


.90 
.29 


2.35 

.18 
2.60 
1.75 
4.00 
3.00 
1.15 
4.00 


811.4 


.0023 


1888 


.70 
.03% 


.05 

1.80 
1.30 
.16 
2.35 
1.28 
2.30 
1.90 
2.05 
3.00 

806.9 

.0015 


.03M 


2.10 
1.45 
.18 
2.25 
1.14 
2.70 
1.90 
2.07 
3.00 

790.4 

.0015 


.45 
.13 
.03 


.03 
.02 

1.34 
1.35 
.15 
2.38 
1.10 
2.38 
2.25 
2.00 
2.75 

797.2 

.0013 


Table  xi. 

Showing  the  Commerce  of  the  Port  of  Chicago,  Including  South  Chicago,   for  the 
Year  1889.     Compiled  from  the  U.S.  Census  Returns. 


Kind  of  Commodity. 


Wheat 

Corn 

Other   grains 

MillProducts 

All  other  farm  products 

Coal 

Iron  ore 

Stones,  all  kinds 

Salt 

Other  products  of  mines  and  quarries 

Animal  products 

Lumber 

Manufactures,    miscellaneous     mer- 
chandise and  other  commodities. 


Receipts. 


Tons.        Per  Cent. 


1,860 

8,994 

1,529,364 

731,188 

18,176 

128,948 

1,600 

146 

2,588,004 

261,693 


0.19 
16.00 
25.75 
9.59 
5.85 
43.49 
2.75 
0.22 
37.74 

17.24 


Shipments. 


Tons.        Per  Cent. 


312,203 
1,769,621 
457,095 
228,138 
51,984 


55,985 
2,106 


36,925 


32.21 
91.71 
90.85 
25.52 
46.39 


92.00 
0.04 


3.24 
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TABLE  XII. 

Rated  Tonnage  of  the  Port  of  Chicago,  Compiled  from  the  Reports  of  the  Depart- 
ment of  Public  Works. 


Total  Number  of  Arrivals 

Average  tonnage 

of 

Years. 

and  Clearances. 

Tonnage. 

Vessels. 

1858 

13,650 

3,284,703 

240 

1862 

14,687 

3,847,246 

262 

1863 

17,136 

4,333,832 

253 

1864 

17,762 

4,339.770 

244 

1865 

20,179 

4,199,133 

208 

1866 

22,199 

4,620,092 

208 

1867 

24,370 

5,101,032 

209 

1868 

26,399 

6,005,403 

227 

1869 

27,602 

6,273,346 

227 

1870 

25,172 

6,033,207 

239 

1871 

24,632 

6,178,336 

250 

1872 

25.355 

8,077,542 

240 

1873 

22,734 

6,564,714 

290 

1874 

21,547 

6,329,711 

294 

1875 

21,095 

6,279,055 

298 

1876 

1^,249 

6,167,336 

320 

1877 

20  517 

6,585,415 

321 

1878 

20,989 

7,239,673 

345 

1879 

23,873 

7,757,394 

325 

1880 

26,520 

9.154,351 

345 

1881 

26,005 

8,762,247 

336 

1882 

26,977 

9,854,949 

362 

1883 

23,982 

7,793,337 

325 

1884 

22,823 

7,508,696 

334 

1885 

20,542 

7,306,222 

355 

1886 

22,372 

7,877,080 

307 

1887 

23,973 

8,749,852 

365 

1888 

22.095 

8,890,658 

402 

1  389 

21,788 

10,267,831 

471 

1890 

20,133 

10,116,051 

502 

Table  xiii 

Giving  Frontage  and  Areas  of  Property  along  Chicago  river  and  branches,  between 
Fullerton  Avenue  and  Thirty-ninth  Street,  and  east  of  Western  Avenue, 
Omitting  Street  Ends ;  Compiled  by  the  aid  of  Raschers  Insur- 
ance Map  of  Chicago.    Taken  from  "The  Lakes  and 
Gulf  Waterways"  by  L.  E.  Cooley. 


Class. 

No.  of 
Each. 

Frontage 
Miles . 

Area 
Acres. 

Remarks. 

R.  R.  Property 

23 
147 
28 
27 
41 
22 
13 
41 
27 
27 
5 

401 

401 

2.5 
13.8 

1.0 
2.7 
2.1 
1.0 
0.7 
4.0 
2.0 
2.3 
0.4 

32.5 
5.1 

37.6 

146.1 
454.4 
21.2 
48.6 
51.1 
23.5 
20.7 
191.2 
35.2 
30.7 
4.7 

Lum.  Yds.  &  Bl'g.  M'ls 

Cap'yinbu.  29,175- 
000. 

Tanneries 

Totals v 

1076.7 
168.8 

S.  of  39th  &  S.  side 

of  West  Fork. 

Grand  Total 

1245.5 
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APPENDIX     B. 


Mr.  F.  K.  Hain,  General  Manager  of  the  Manhattan  Railway  Com- 
pany, gives  the  following  valuable  statistics: 

"Since  the  opening  of  these  lines  up  to  January  31,  1891,  we  have 
carried  one  billion,  one  hundred  and  thirty-four  million,  one  hundred 
and  three  thousand  four  hundred  and  seventy-three  passengers  (1,134,- 
103,473)  and  but  one  passenger  lost  his  life  after  boarding  our  trains, 
and  that  one  through  his  own  carelessness  in  sitting  on  the  safety 
chains  between  the  cars  and  falling  under  the  ti'ain." 

STATISTICS  COLLECTED  BY  THIS  COMMITTEE: 

Number  of  persons  killed  in  Chicago  and  Cook  Co.,  during-  the  year 
1890  bjT  steam  and  street-car  railroads.  List  taken  from  coroner's 
records: 

CITY. 

C.  &N.  W 45 

C.  M.  &St.  P 20 

Wis.  Central 0 

P.  C.  &St.  L......  8 

111.   Central 28 

L.  S.  &M.  S 20 

Mich.  Central 12 

B.  &O 4 

P.  Ft.  W.  &  Chi 9 

C.  &E.1 3 

Chi.  &  Alton 4 

C.  B.  &  Q 30 

Santa  Fe 3 

C.  R.  I.  &P 9 

C.  &W.  Ind 5 

200 


COUNTY. 

CITY. 

COUNTY. 

64 

Chi.  &  G.  Trunk.. 

8 

8 

23 

N.Y.C.&St.  L.... 

6 

7 

8 

Belt  Line 

4 

5 

8 

U.  S.  Yds.  &  T.  C . . . 

9 

9 

33 

Chi.  &  Atlantic 

1 

1 

21 

L.  N.  A.  &  Chicago 

1 

1 

12 

Chi.  &  G.  Western 

1 

1 

5 

C.  &  Calumet 

0 

3 

10 

Wabash 

0 

1 

4 

2 

2 

9 

C.  St.  P.  &  K.  C. . . 

1 

2 

36 

III.  Steel  Wks.  R.R. 

8 

8 

4 

Elgin  J.  &East.... 

0 

1 

12 
5 

C.  &N.  P 

2 

2 

248 

43 

51 

200 

248 

Totals 243  299 

Killed  by  street- car  lines: 

South  Side  cars 17 

West  Side  cars 6 

North  Side  cars 12 

Total 35 

Killed  in  Chicago  steam  cars 243 

Killed  in  Chicago  street  cars 35 

Total  number 278 

Total  number  killed  in  Cook  county 299 
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Classified  as  follows: 

Passengers 40 

Employes 53 

Others 206 


299 


200,000,000  passengers  in  1890  all  lines. 


MINORITY  REPORTS. 


THE  RAILWAY  PROBLEM. 

The  undersigned  agrees  with  the  views  of  the  majority  of  the  Com- 
mittee, except  in  respect  to  two  features  of  the  report: 

1st. — He  cannot  agree  in  respect  to  the  radical  enlargment  of  the 
Erie  Canal  for  deep  draft  vessels,  believing  this  project  to  be  entirely 
impracticable  both  as  to  construction  and  operation,  as  well  as  in  re- 
spect to  its  immense  cost. 

2nd. — He  must  decidedly  dissent  from  the  views  of  the  Committee 
in  respect  to  the  solution  of  the  railway  problem,  and  therefore  sub- 
mits the  following  as  his  views  on  this  subject: 

The  writer  has  not  only  given  careful  attention  and  study  to 
the  terminal  conditions  now  existing  in  Chicago  and  in  other  cities  of 
the  United  States,  but  he  has  also  studied  the  question  of  terminals  and 
complicated  railway  stations  in  Europe.  The  methods  adopted  in  Eu- 
rope and  used  for  many  years  there  to  facilitate  both  the  railroad  and 
the  marine  commerce,  and  to  make  safe  the  street  traffic,  present  many 
features  applicable  to  a  city  like  Chicago. 

In  England  the  law  prohibits  grade  crossings  of  any  kind.  The 
railroads  are  carried  over  or  under  each  other.  The  streets,  roads,  and 
even  the  farm  roads,  are  placed  over  or  under  the  railroads.  It  would 
burden  this  report  to  give  details  and  extended  illustrations  of  the 
methods  employed,  but  a  few  prominent  examples  may  be  given.  Near 
Liverpool,  on  the  London  and  North-Western  Railway,  at  Edge  Hill, 
where  there  is  a  very  extensive  yard  for  making  up  freight  trains,  an 
ingenious  plan  has  been  recently  carried  out  which  avoids  railroad 
grade  crossings  by  carrying  the  tracks  over  or  under  each  other  in 
making  connections,  so  that  this  extensive  yard  can  be  operated  with- 
out interfering  with  the  business  on  any  of  the  main  lines  of  the  rail- 
road. Another  prominent  and  well  known  example  is  Clapham  Junc- 
tion, near  London.  At  Manchester,  at  the  London  Road  station,  the 
freight  trains  come  in  on  a  high  level.  The  cars  are  lowered  to  the  low 
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level  of  the  streets,  where  they  can  be  reached  by  drays.  At  the  great 
Central  Station  of  the  Caledonian  Raih'oad  at  Glasgow  there  is  an  ele- 
vated entrance.  At  Queen  Street  Station  of  the  same  city,  the  entrance 
is  made  by  an  elevated  structure,  and  underneath,  crossing  at  right 
angles,  is  a  belt  railroad  largely  underground;  and  in  order  to  make  a 
still  better  entrance  into  the  city,  one  railroad  is  building  a  tunnel  un- 
der Argyle  Street,  one  of  the  main  streets  of  the  city.  At  Birmingham 
a  union  station  is  provided  in  the  center  of  the  city  and  the  entrance  is 
by  subways  from  either  direction.  In  London  every  railroad  is  brought 
into  the  city  in  such  a  way  as  to  entirely  avoid  grade  crossings  and  the 
entrance  is  always  by  overhead  structures,  or  by  tunnels  or  subways, 
several  of  the  lines  cross  each  other  and  many  of  them  connect  with 
the  Metropolitan  District  Railway,  which  is  largely  an  underground 
road.  At  the  White  Cross  Station,  St.  Pancras,  Broad  Street,  White 
chapel,  Bishopsgate,  and  several  other  stations,  there  are  special  hy- 
draulic appliances  for  handling  cars  from  a  high  level  to  a  low  level 
or  the  reverse.  With  these  hydraulic  lifts  are  capstans,  traversers, 
turntables  and  other  appliances  for  moving  the  freight  cars  across  or 
along  several  tracks  to  the  desired  position  for  loading  or  unloading. 
The  universal  opinion  of  Railroad  men  in  England  is  in  favor  of  the 
use  of  hydraulic  plant  for  handling  freight  cars.  Hydraulic  lifts  are 
also  used  in  passenger  stations  not  only  in  England  but  on  the  Conti- 
nent, in  handling  baggage  and  express,  and  postal  matter  from  one 
level  to  another,  and  also  for  transfer  by  means  of  subways  in  the 
stations  from  one  track  to  another  without  crossing  the  tracks  at  grade. 
To  still  further  prevent  the  crossing  of  tracks  by  the  .public,  the  sta- 
tions, in  England  at  least,  and  generally  in  large  stations  on  the  Con- 
tinent, are  so  arranged  that  it  is  unnecessary  for  any  purpose  for  pas- 
sengers to  cross  the  tracks  at  grade;  overhead  bridges  and  subways, 
well  lighted  and  convenient,  being  provided  for  passengers  in  taking  or 
leaving  trains.  All  the  arrangements  for  operating  the  road  with  safe- 
ty to  human  life,  including  complete  interlocking  signal  systems,  are 
so  perfect  in  England  that  the  fast  express  trains  often  run  with  a 
speed  of  60  miles  an  hour  through  large  cities,  past  great  stations, 
where  there  are  crowds  of  passengers  and  trains  on  other  tracks,  with- 
out accidents.  It  is  the  general  opinion  of  railroad  men  there  that  all 
the  precautions  taken  by  them  are  absolutely  required  for  the  safe  and 
prompt  movement  of  trains  and  the  proper  transaction  of  their  busi- 
ness. 

It  is  now  necessary  to  examine  briefly  into  the  conditions  existing 
in  Chicago  in  order  to  show  the  great  contrast  there  is  with  the  con- 
ditions above  described  in  European  cities.  The  rapid  growth  of  this 
city  in  the  last  50  years,  raising  it  from  a  village  to  a  great  metropoli- 
tan center,  has  brought  about  most  unusual   commercial  conditions. 
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It  is  still  growing  with  greater  rapidity  than,  probably,  that  of  any  other 
large  city  in  the  world  except  possibly  Berlin.  Compared  with  other 
great  cities  of  this  country,  the  ratio  of  increase  in  population  in  the 
last  decade  has  been  nearly  three  times  that  of  New  York,  nearly  four 
times  that  of  Philadelphia,  of  Boston,  and  of  St.  Louis.  Nor  has  the 
time  come,  as  it  does  eventually  to  all  great  cities,  when  it  has  ceased 
to  grow  by  increasing  increments.  The  great  advance  in  population  is 
still  too  great  to  be  arrested  for  the  next  two  decades.  At  least,  it 
may  be  safely  estimated  that  the  growth  of  this  city,  for  each  decade 
in  the  future,  will  not  be  less  than  one  million.  Still  further  bearing 
on  the  railway  problem  of  this  city  is  the  fact  that  it  is  the  largest 
city  of  the  northern  division  of  the  United  States,  the  population  of 
which  is,  by  the  census  of  1890,  over  twenty-two  millions  of  people, 
and  that  the  increase  in  this  grand  division  of  the  United  States  is 
greater  than  in  that  of  any  other. 

On  its  streets  are  more  miles  of  double  track  horse  and  cable  rail- 
roads than  on  the  streets  of  any  other  city.  The  magnitude  of  its  ma- 
rine commerce  is  given  elsewhere  in  this  report. 

It  is  the  greatest  railroad  center  in  the  United  States,  probably  in 
the  world,  as  far  as  mileage  is  concerned.  The  length  of  main  lines 
of  railroads  that  terminate  at  this  city  is  over  54,000.  The  magnitude 
of  its  freight  business  is  also  very  great.  In  1889  there  were  received 
and  forwarded  four  and  one-quarter  millions  of  freight  cars,  making 
the  daily  handling  nearly  twelve  thousand  cars.  There  were  moved 
over  fortjT-three  million  tons  of  freight.  There  were  over  eighteen 
million  passengers  moved  over  its  main  lines,  and  on  its  suburban 
lines  nearly  eleven  millions.  A  glance  at  the  map  of  Chicago  shows 
that  the  lines  of  tracks  are  interwoven  most  intricately,  and  in  several 
localities,  monopolize  extensive  areas.  In  Chicago  95  per  cent,  of  the 
street  crossings  are  at  grade  and  the  grade  crossings  of  the  roads  with 
each  other  add  immensely  to  the  danger  to  life  and  limb  and  make  the 
burden  of  delay  to  traffic  a  costly  item  in  the  operating  expenditures  of 
the  roads.  Au  attempt,  unsystematic  and  desultory,  has  been  made 
to  raise  the  streets  at  points  of  great  danger  above  the  railroads  by 
means  of  viaducts,  of  which  there  are  29.  The  following-  facts  are  very 
suggestive  of  delay  and  danger,  especially  when  compared  with  their 
entire  avoidance  by  the  English  railroads  as  above  described.  The  main 
lines  of  the  Chicago  railroads  cross  each  other  at  grade  at  over  100 
points.  These  main  lines  cross  sidings  or  yard  tracks  at  over  30  points. 
The  lead  tracks  running  into  yards  cross  main  tracks  or  sidings  at  more 
than  120  points.  There  are,  as  a  partial  protection  to  the  public,  487 
gates  at  crossings.  It  is  difficult  to  ascertain  how  many  travelled 
streets  are  crossed  by  railroads,  but  there  are  probably  one  thousand  or 
more.  According  to  statistics  stated  elsewhere  in  this  report,  there  were 
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]ast  year  on  these  grade  crossings  over  200  people  killed.  The  growth 
of  the  railroad  traffic  keeping  pace,  as  it  must  necessarily  do,  with  the 
growth  of  the  population,  has  brought  about  the  greatest  difficulties 
in  handling  this  business.  The  areas  of  the  city  freight  yards  have  be- 
come altogether  too  restricted  for  their  purposes.  The  building  of  belt 
railroads  has  alleviated  the  pressure  to  a  certain  extent.  One  of  these 
belt  railroads,  the  St.  Charles  Air  Line,  is  in  the  heart  of  the  city  and 
crosses  its  main  avenues  and  streets  at  grade.  The  railroads  make 
transfers  with  each  other  through  the  Union  Stock  Yard  tracks.  The 
Western  Indiana  Belt,  in  the  outskirts  of  the  city,  is  situated  so  as  to 
relieve  to  some  extent  the  city  terminals,  and  this  is  shown  by  the 
fact  that,  since  1884,  its  business  has  increased  from  223,757  cars  per 
annum  to  557,752  in  1890.  There  has  recently  been  put  into  operation 
several  miles  of  another  belt  railroad,  called  the  Calumet  Terminal, 
which  also  now  is  doing  a  considerable  transfer  business.  There  is 
still  another,  the  Elgin,  Joliet  &  Eastern,  about  30  miles  from  the 
city,  which  runs  from  the  lake  on  the  north  to  the  lake  on  the  south- 
east and  has  connection  with  all  of  the  railroads  entering  the  city.  Al- 
though this  road  has  been  opened  but  a  short  time,  the  necessities  for 
transfers  between  the  various  railroads  is  bringing  to  it  a  large  busi- 
ness. It  is,  however,  to  be  regretted  that  the  railroads  entering  the 
city  persist  in  bringing  much  of  their  through  business  into  the  city 
for  transfer,  blocking  their  own  and  others'  business  and  the  street 
traffic  as  well.  Useful  as  these  belt  railroads  are  in  diverting  from  the 
busy  parts  of  the  city  the  freight  which  is  not  destined  for  consumption 
here,  they  are  not  a  large  factor  in  relieving  the  congested  condition 
of  the  city  terminals,  for  the  reason  that  the  products  required  for  the 
city  itself,  for  its  own  comsumption  and  business  are  so  rapidly  in- 
creasing that  the  present  restricted  and  inconvenient  terminals,  cannot 
handle  the  business  promptly  or  economically;  and  it  is  discouraging 
to  note  that,  except  at  extraordinary  expense,  the  areas  occupied  by 
the  railroads  for  freight  purposes  cannot  be  very  greatly  extended  on 
account  of  their  proximity  to  very  valuable  property. 

From  the  information  given  above,  it  will  be  apparent  that  the 
greatest  evil,  (which,  in  some  way,  must  be  cured  or  else  abated),  is 
the  danger  to  the  street  traffic  and  the  inconvenience  as  well,  both  to 
the  public  and  the  railroads,  of  the  grade  crossings.  Every  new  street 
that  is  opened,  the  annual  increase  of  travel  on  all  the  streets  crossing 
the  railroads,  the  increase  of  trains  and  the  length  of  trains,  alnd  the 
increase  in  the  switching  and  otherwise  handling  of  cars,  constantly 
increase  the  delays  and  dangers.  When  the  whole  situation  is  known, 
and  the  one  fact  is  stated  that  this  city  is  growing  in  population  at  the 
rate  of  one  million  per  decade,  the  extraordinary  obstacles:  in  the  way 
of  both  railroad  and  street  traffic  will  be  appreciated,      tnkxj      >  '  -  Ue 
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The  question  now  arises,  what  shall  be  done  to  solve  this  difficult 
problem.  The  writer  has  carefully  studied  the  entire  situation 
and  can  see  but  one  practicable  plan  and  that  is,  to  adopt  at  once 
the  principle  and  rule  of  raising  the  railroad  tracks  to  a  suitable 
height  above  the  streets,  and  to  cease  the  unsystematic  and  ill-advised 
method  of  raising  the  streets  here  and  there,  by  means  of  viaducts  of 
great  cost,  occasioning  great  damage  to  property  and  converting  an 
otherwise  level  city  into  one  of  abrupt  undulations.  The  writer 
would  suggest  that,  in  order  to  avoid  the  construction  of  an  elevated 
railway  for  each  of  the  railroads,  they  should  be  combined  into  three 
groups  of  elevated  railroads,  one  entering  the  city  from  the  south  and 
south-west,  one  from  the  west  and  one  from  the  north. 

It  is  evident,  from  the  fact  that  the  largest  number  of  railroads  en- 
ter the  city  from  the  east,  south  and  south-west,  that  the  elevated 
entrance  from  these  directions  should  be  of  large  dimensions.  An  ele- 
vated road  with  six  to  ten  tracks  on  its  main  stem  entering  the  city  as 
far  as  advisable,  would  be  required  for  the  immense  business  that  en- 
ters from  these  directions  over  the  present  surface  tracks  of  the  Lake 
Shore  and  Michigan  Southern,  the  Rock  Island  &  Pacific,  the  West- 
ern Indiana  and  its  tenant  roads,  the  Ft.  Wayne,  and  the  Chicago  & 
Alton,  the  Chicago,  Madison  &  Northern  and  the  Atchison,  Topeka 
&  Santa  Fe.  This  would  embrace  nearly  ail  the  roads  coming  from 
the  east,  from  the  south  and  from  the  south-west,  except  the  Illinois 
Central  and  its  tenants,  which  enter  the  city  along  the  lake  front.  In 
order  to  adapt  to  this  elevated  entrance  those  methods  which  have 
been  found  practicable  and  economical  in  Europe,  the  clear  height  of 
this  elevated  entrance  above  the  streets  should  be  sufficiently  great  to 
give  a  free  and  unrestricted  movement  of  street  traffic  under  it.  It 
should  be  floored  over,  beneath  the  tracks,  by  a  solid  steel  and  concrete 
construction  so  that  the  extensive  area  beneath  could  be  used  for  yards 
for  the  various  railroads  or  for  warehouse  and  other  similar  purposes. 
Connected  with  this,  at  points  where  the  present  surface  areas  covered 
with  tracks  would  hot  in  any  way  interfere  with  the  street  traffic, 
could  be  arranged  extensive  freight  yards.  The  cars  entering  the  city 
on  this  elevated  structure,  whose  destination  is  for  city  delivery,  (and 
no  others  should  enter),  could  be  lowered  to  the  tracks  beneath  the 
structure  by  means  of  hydraulic  or  compressed  air  lifts.  To  avoid  the 
use  of  locomotives  on  the  low  level  tracks  at  the  surface  of  the  ground, 
hydraulic  turntables,  capstans,  and  traversers,  could  be  used  just 
as  they  are  in  Europe.  One  immense  installation,  with  its  pipes 
in  suitable  conduits  of  good  size,  running  the  entire  length  of  this  ele- 
vated structure,  six  or  eight  miles,  with  auxilary  accumulators  at 
suitable  points,  would'  economically  and  promptly  handle  the  entire 
business  of  the  railroads,  and  would  also  furnish  power  for  handling 
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goods  in  warehouses,  manufactories  and  various  industries  that  might 
be  established  along  the  line  of  this  elevated  entrance.  The  freight 
stations  for  all  goods  except  the  most  bulky,  like  coal,  lumber,  stone, 
structural  iron  work,  etc.,  should  be  built  several  stories  in  height  and 
in  the  most  substantial  manner,  so  that  by  car  elevators,  the  goods 
could  be  placed  quickly  and  economically  on  any  desired  floor.  This 
could  be  done  by  the  method  in  use  in  Europe,  as  at  the  Broad  Street 
station  of  the  London  &  North-Western  Railway  in  London,  which 
is  five  stories  high,  the  goods  being  raised  and  lowered  on  platforms 
operated  by  hydraulic  power.  Or,  to  still  further  avoid  handling  as 
much  as  possible,  the  carts  and  drays,  with  the  draught  animals  could 
be  raised  bodily  to  the  required  floor  for  loading  or  unloading,  and 
there  moved  where  desired.  Or,  where  there  were  only  partial  dray- 
loads,  the  freight  could  be  loaded  from  the  drays  on  to  small  plat- 
form cars  which  could  then  be  lifted  to  their  proper  floor  and  there 
moved  to  the  point  of  loading  or  storing  by  capstans  and  traversers  as 
above,  the  goods  being  unloaded  and  loaded  by  power  cranes.  The 
most  bulky  goods  could  best  be  handled  on  team  tracks  on  the  sur- 
face of  the  ground,  the  cars  being  lowered  by  lifts.  By  means  of  hy- 
draulic apparatus,  the  cars  could  be  quickly  and  economically  moved 
over  extensive  yards  underneath  and  near  the  elevated  tracks.  Freight 
like  long  piles  or  bridge  girders,  loaded  on  two  or  three  cars,  could 
be  promptly  and  economically  handled  by  hydraulic  travellers.  In 
Europe,  men  who  have  been  engaged  many  years  handling  freight  by 
similar  methods,  agree  in  the  opinion  that  at  least  fifty  per  cent,  is 
saved  by  the  use  of  hydraulic  plants  and  that  in  many  cases  the  work 
could  not  be  done  at  all  by  the  methods  usually  employed  in  this 
country.  In  many  localities  in  Chicago  the  methods  above  stated 
would  handle  freight  from  70  to  80  per  cent,  cheaper  than  by  the  pre- 
sent methods. 

It  is  suggested  that  the  present  crude  and  expensive  methods  of 
handling  marine  commerce  along  the  docks  might  be  discontinued  and 
the  business  much  more  conveniently  and  economically  handled  bj*  hy- 
draulic plants  like  those  employed  at  Hamburg,  Antwerp,  Marseilles, 
Liverpool,  and  many  other  European  cities. 

In  grouping  and  rearranging  the  railroad  tracks  and  adapting  them 
to  new  conditions  and  requirements,  it  will  no  doubt  be  found  advisable 
to  reconnect  the  railroad  tracks  and  the  marine  facilities  in  such  a 
manner  as  to  greatly  improve  on  the  present  methods.  Even  grain 
elevators,  coal  and  ore  docks,  and  lumberyards,  could,  no  doubt,  be 
rearranged  so  as  to  greatly  increase  the  present  facilities  and  reduce 
the  expenses.  Possibly  in  some  instances,  like  the  present  exten- 
sive lumber  yards  on  the  West  Fork,  the  hydraulic  apparatus  might 
be  arranged  so  as  to  maintain   the  tracks  on  their  present    grade 
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and  in  their  present  location.  No  doubt  at  points  where  peculiar 
conditions  require  it,  inclines  of  easy  grade  could  be  built  lead- 
ing down  from  the  elevated  structures  to  the  present  surface  of 
the  ground,  so  as  better  to  subserve  the  interests  of  certain  industries, 
especially  along  the  river,  where  there  would  be  no  interference  with 
the  street  traffic. 

As  to  the  two  smaller  groups  of  elevated  roads  from  the  west  and 
north,  combining  all  of  the  roads  coming  from  these  directions,  the 
method  should  be  adhered  to  of  an  elevated  entrance  wherever  the 
present  conditions  of  tracks,  streets,  viaducts  and  the  river  will  per- 
mit. This  would  give  three  great  elevated  passenger  terminals  which 
should  be  so  located  that  they  might  be  conveniently  united  by  a  con- 
necting- elevated  railway,  so  that  passengers  coming  into  the  city  from 
one  direction  and  desiring  to  pass  through  to  railroads  leaving  on  op- 
posite sides  of  the  city,  could  make  the  transfer  without  the  incon- 
venience of  omnibuses,  street  cars,  street  vehicles,  or  on  foot,  as 
now. 

If,  in  connection  with  the  important  work  now  contemplated  and 
under  charge  of  the  Board  of  Trustees  of  the  Sanitary  District,  there 
should  result  the  replacing  of  a  large  number  of  swing  bridges  by 
fixed  bridges,  as  the  Committee  has  recommended,  the  connection  be- 
tween the  elevated  railroad  entrance,  above  suggested,  could  be  much 
more  conveniently  arranged.  There  should,  in  any  event,  in  the  future, 
in  no  instance  be  permitted  inside  the  city  limits,  any  more  grade 
crossings.  All  these  changes  in  the  traffic  conditions  could  not,  of 
course,  be  made  in  one  year,  or  two  years,  but  they  should  be  made 
as  the  railroads  and  the  city  could  jointly  furnish  the  means  for  the 
work,  and  the  expensive  and  unwise  plan  of  building  viaducts  over  the 
railroads  should  be  at  once  abandoned. 

There  is  no  doubt  in  the  mind  of  the  writer,  that  an  intelli- 
gent study  of  the  subject,  adapting  the  proposed  methods  to  special 
cases,  and  a  cordial  co-operation  between  the  railroads,  and  between 
the  railroads  and  the  city,  would  lead  to  a  satisfactory  introduction 
of  the  elevated  plan,  and  that  such  apian  would  be  mutually  conveni- 
ent to  the  railroads  that  handle  the  goods  and  the  people  that  use 
them,  and  the  same  would  apply  to  an  elevated  passenger  terminal. 

Two  questions,  however,  arise;  first,  who  are  to  meet  the  extra  ex- 
penses involved  by  a  general  rearrangement  of  these  traffic  conditions? 
It  would  seem  to  be  equitable  that  those  reaping  the  benefits  should 
share  in  the  expense,  and  that  consequently  they  should  in  some  just 
way  be  divided  between  the  railroads  and  the  people.  And  second, 
what  will  be  the  damages  enforced  by  private  citizens  in  the  courts? 
It  goes  without  saying  that  while  we  are  all  patriotic  in  the  abstract, 
we  are  likely  in  each  case  to  insist  upon  all  the  damages  that  litigation 
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can  give  us.  This  selfishness  and  want  of  forbearance  on  the  part  of 
property  holders  may  lead  to  such  an  enormous  amount  of  damages  as 
to  make  prohibitory  the  adoption  of  any  wise  plan  for  ameliorating  the 
present  most  unbearable  conditions.  Let  the  betterments  resulting 
from  the  new  and  better  methods  be  assessed  equitably  upon  those 
benefitted. 

In  the  opinion  of  the   writer  the   plan   suggested  will  effectually 
and  permanently  solve  the  Railway  Problem  of  Chicago.     After  much 
discussion  and  close  study  of  the  subject,  he  strongly  recommends  its 
adoption  and  application  as  rapidly  as  circumstances  will  permit. 
Sie-ned.  E.  L.  Corthell. 


RIVER  AND  HARBOR. 


Should  the  plans  of  the  Sanitary  Commission  for  a  North  channel 
connecting  the  North  Branch  of  the  Chicago  River  and  a  South  chan- 
nel connecting-  the  South  Branch  of  said  River  with  Lake  Michigan  ever 
reach  fulfillment,  then  and  not  until  then,  or  at  least  not  until  that 
consummation  becomes  inevitable,  can  we  accept  the  solution  of  the  har- 
bor problem  wrought  out  on  the  lines  laid  down  in  the  majority  re- 
port. Until  that  solution  is  assured  we  consider  the  Lake  Front  as  af- 
fording the  proper  and  the  eventual  site  of  Chicago's  harbor.  We  use 
the  same  Lake_  Front  in  no  contracted  sense  but  make  it  so  comprehen- 
sive as  to  include  the  whole  range  of  water  front  from  Indiana  street 
to  the  mouth  of  the  Calumet  River. 

Chicago  to  hold  her  supremacy  in  Lake  commerce  must  have  a  har- 
bor of  depth  sufficient  to  accommodate  the  increased  and  still  increas- 
ing draft  of  vessels  plying  between  the  ports  of  our  fresh  water  seas 
and  likely  before  the  next  generation  passes  away  to  pass  back  and 
forth  between  these  inland  ports  and  the  harbors  of  the  World's  five 
oceans.  This  need  can  be  met  fully  upon  the  Lake  Front.  The  cost 
of  there  creating  such  a  harbor  as  this  City  needs  is  calculable,  its  exe- 
cution is  practicable  and  the  resulting  good  to  the  city  and  state  will 
be  measured  in  millions  of  increased  wealth. 

The  statistics  given  us  show  a  dockage  along  the  river  front  of 
376/io  miles  and  an  area  used  in  connection  therewith  of  1245-J  acres. 
Should  commerce  ever  demand  such  a  length  of  dockage  and  such  an 
area  for  business  uses  as  these  figures  show,  the  demand 
can  be  met  upon  the  Lake  Front.  Four  miles  of  that  frontage  filled 
out  to  a  width  of  three-quarters  of  a  mile  and  docked  upon  a  systema- 
tic plan,  far  excelling  in  convenience  any  harbor  on  the  whole  range  of 
the  Lakes  could  be  made  to  yield  a  frontage  of  36  miles  and  still  pro- 
vide an  area  of  1456  acres  for  lumber  yards,  elevators,   factories,   etc. 
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Such  a  harbor  would  have  to  be  protected  by  an  outside  breakwater 
which  should  be  carried  through  from  the  mouth  of  the  Chicago  River 
to  the  mouth  of  the  Calumet  River;  thus  securing  a  protected  water- 
way between  the  two  harbors  and  making  them  practically  one.  To 
accomplish  this  about  eleven  miles  of  breakwater  would  have  to  be 
built. 

This  done  Chicago  would  indeed  have  a  harbor  which  would  be 
wealth  producing  and  a  source  of  pride  to  every  patriotic  citizen. 

Having  provided  such  a  harbor  the  fate  of  the  River  should  be  set- 
tled for  all  time  by  the  abandonment  of  swing  bridges  and  the  substi- 
tution therefor  of  fixed  bridges,  at  such  a  height  above  the  water  level 
as  to  admit  of  the  free  passage  of  tugs  with  their  tows  of  lighters, 
scows  or  barges.  The  channel  so  treated  would  remain  to  serve  a  most 
useful  purpose. 

The  communication  of  this  harbor  with  the  interior  must  be  con- 
sidered. No  railway  should  be  allowed  to  enter  this  new  domain  at 
grade,  but  an  adequate  system  of  tracks  should  be  provided  under 
restrictions  which  would  forever  prevent  their  becoming  a  monopoly 
controlled  by  any  connecting  line.  Every  Railroad  entering  Chicago 
should  have  the  right  to  use  these  tracks  upon  terms  of  equality  with 
all  competitors.  These  entering  tracks  may  be  elevated  or  depressed  as 
will  best  meet  the  conditions  which  will  develope.  When  we  have 
such  a  harbor  as  this  and  the  River  spanned  by  fixed  bridges  as  we 
have  suggested,  interchange  of  business  between  different  portions  of 
the  City  having  water  facilities  can  be  made  by  the  use  of  barges;  and 
cars  even  can  be  moved  from  one  point  to  another  in  the  same  way, 
in  accordance  with  common  practice  in  Eastern  ports. 

It  is  true  that  "One  ship  load  of  2000  tons  represents  100  car  loads 
and  500  truck  loads"  and  that  were  this  tonnage  hauled  through  the 
streets  it  would  cause  vastly  more  obstruction  to  street  travel  than 
"one  vessel  passing  through  the  bridges."  But  if  the  tracks,  over 
which  communication  is  had  between  the  harbor  and  the  rest  of  the 
World,  are  elevated  above  or  depressed  beiow  the  street  levels,  it  will 
not  matter  to  the  users  of  the  streets  whether  one  hundred  cars  or 
many  times  that  number  are  moved  over  them.  So  far  as  trucking1  is 
concerned,  it  is  the  most  expensive  method  of  transportation  and  hence 
would  not  be  resorted  to  for  long  hauls.  Distribution  in  bulk  would 
therefore  be  made  throughout  the  City,  as  it  is  today  by  rail  or  water; 
and  the  trucks  would  bring  into  the  congested  districts  only  the  ma- 
terials and  merchandise  which  the  locality  would  consume  in  the  ordi- 
nary course  of  trade. 

When  the  aesthetic  side  of  this  question  is  presented,  it  is  elbowed 
by  the  very  prosaic  fact  that  no  city  can  thrive  upon  the  beautiful 
alone,  and  the  prosperity  of  Chicago  can  never  be  sacrificed  to  gratify 
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the  tastes  of  the  few  who  have  wealth  and  leisure  to  bestow  upon  such 
enjoyments  as  lovely  drives  and  pleasing  landscapes  with  wide  expanses 
of  waters  for  a  background.  Certainly  with  Parks  and  drives  stretehr- 
ing  for  miles  along  our  Northern  water  front,  and  with  the  grand  do"- 
main  of  Jackson  Park  forever  set  apart  and  defended  from  the  defile- 
ments of  commerce,  Chicago  should  rest  content  in  the  proud  assur- 
ance that  no  other  City  in  the  World  can  show  such  a  wealth  of  Park 
and  Boulevard;  and  while  cherishing  this  just  pride  she  should  remem- 
ber that  these  things  will  not  save  the  scepter  which  she  holds  today 
as  Queen  of  the  Lakes,  unless  she  shows  her  worthiness  to  wield  it  by 
providing  a  harbor  to  receive  the  leviathans  of  commerce  which  could 
find  no  place  to  anchor  if  they  sought  her  port  todaj7. 

Signed.  Isham  Randolph. 
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PROCEEDINGS. 


BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


Annual  Dinner. 


March  9,  1892: — The  tenth  annual  dinner  of  the  Boston  Society  of 
Civil  Engineers  was  served  at  the  American  House,  Boston. 

An  informal  reception  was  held  at  5  o'clock  and  at  6  o'clock  100  mem- 
bers and  guests  sat  down  to  dinner. 

President  Frederic  P.  Stearns  sat  at  the  head  of  the  table  having  on 
his  right  and  left,  as  the  principal  guests  of  the  evening: — Prof.  Elihu 
Thomson,  President  of  the  Thomson-Houston  Electric  Co.;  President  E. 
H.  Capen  of  Tufts  College;  Col.  H.  G.  Prout,  Editor  of  the  Railroad  Ga- 
zette; Dr.  S.  C.  Chandler,  representing  the  Boston  Scientific  Society;  Maj. 
W.  R.  Livermore,  Engineer  Corps,  U.  S.  Army;  Mr.  H.  G.  Holden,  Presi- 
dent New  England  Water  Works  Association;  Mr.  E.  C.  Cabot,  President, 
Boston  Society  of  Architects;  Dr.  H.  P.  Walcott,  Chairman,  State  Board 
of  Health  and  Mr.  Allen  Hazen,  Chemist,  State  Board  of  Health. 

President  Stearns  made  a  short  opening  address  in  which  he  congratu- 
lated the  members  on  the  steady  growth  of  the  Society  and  the  healthful 
condition  of  its  treasury.  In  closing  he  presented  Prof.  Thomson  who 
spoke  of  the  wonderful  and  rapid  growth  of  the  science  of  electrical  en- 
gineering and  told  of  many  marvellous  things  which  the  electrical  engi- 
neers were  dreaming  of.  One  of  these  was  to  bring  about  a  current  of 
electricity  that  could  be  made  to  alternate  no  less  than  500,000,000,000,000 
times  a  second,  when  this  was  accomplished  a  perfect  electric  light  would 
be  obtained  at  a  low  cost;  he  also  believed  that  in  time  all  the  steam  rail- 
way locomotives  would  be  superseded  by  electric  motors.  He  had  now  an 
engine  that  was  capable  of  running  45  miles  an  hour  and  even  greater 
speed  would  be  obtained  before  long.  He  closed  with  an  account  of  what 
had  been  accomplished  in  the  distribution  of  power  from  distant  points  by 
electricity. 

President  Capen  spoke  of  the  necessity  of  broader  education  among 
professional  men,  and  Col.  Prout,  of  the  future  relation  of  the  civil  engi- 
neer to  the  railroads. 

Dr.  Chandler  spoke  for  the  astronomer  and  for  the  professional  man 
whose  work  offered  so  little  of  apparent  practical  value. 

The  other  speakers  were,  Maj.  Livermore,  Mr.  Cabot,  Dr.  Walcott, 
and  Mr.  Manley  of  the  Society. 


Annual  Meeting.  March  16,  1892.— The  annual  meeting  of  the  So- 
ciety was  held  at  the  Rogers  Building,  Massachusetts  Institute  of  Tech- 
nology, Boston  at  19:45  o'clock.  President  Stearns  in  the  chair.  Seventy- 
three  members  and  forty-five  visitors  present. 
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The  record  of  the  last  meeting  was  read  and  approved. 

Messrs,  Percy  M.  Blake,  Norman  W.  Eayrs  and  Frank  A.  Foster  were 
elected  members  and  Mr.  Arthur  J.  Wellington  an  associate  of  the  Society. 

The  Secretary  submitted  the  annual  report,  of  the  Board  of  Govern- 
ment, which  was  read  and  accepted. 

The  report  of  the  Secretary  was  read  and  accepted. 

The  Treasurer  submitted  his  annual  report,  which  was  read  and  ac- 
cepted. 

The  Secretary  read  a  letter  from  the  Chairman  of  the  Committee  on 
Weights  and  Measures  stating  that  the  Committee  had  no  report  to  submit 
this  year  and  Mr.  McClintock  for  the  Committee  on  National  Public 
Works  made  a  similar  statement  for  his  Committee. 

The  Secretary  stated  that  the  Committee  on  Highway  Bridges  had  no 
report  to  offer  at  this  time. 

Mr.  Doane,  Chairman  of  Committee  on  Permanent  Quarters  made  a 
verbal  report  of  the  work  done  by  that  Committee  and  submitted  plans 
showing  a  method  of  remodelling  a  house  in  Pemberton  Square  so  that 
it  would  meet  the  wants  of  the  Society  for  headquarters,  and  suggested 
that  if  the  Committee  was  continued  a  written  report  could  be  pre- 
sented at  an  early  meeting.  On  motion  of  Prof.  Allen,  it  was  voted  to  con- 
tinue the  same  Committee.  The  Committee  was  also  autnorized  to  report 
in  print  at  a  future  meeting. 

Prof.  Porter,  for  tellers  appointed  to  canvass  the  letter-ballots  for  offi- 
cers, announced  the  result  of  the  ballot.  There  being  no  election  for  Vice- 
President  by  letter-ballot,  the  meeting  proceeded  to  choose  from  the  two 
candidates  having  the  highest  number  of  ballots.  As  the  result  of  the 
letter-ballot  and  the  choice  of  the  meeting,  the  following  were  announced 
as  the  officers  elected: 

President,  Henry  Manley. 

Vice-President,  (for  two  years)  Albert  F.  Noyes. 

Secretary,  S.  Everett  Tmkham. 

Treasurer,  Edward  W.  Howe. 

Librarian,  Frank  W.  Hodgdon. 

Director,  (for  two  years)  Frederick  Brooks. 

Mr.  Whitney  presented  the  report  of  the  Committee  on  Excursions, 
which  was  read  and  accepted. 

Mr.  Hodgdon  presented  the  report  of  the  Committee  on  the  Library 
which  was  also  read  and  accepted. 

Mr.  Freeman  moved  that  the  question  of  continuing  the  several  spec- 
ial committees  and  the  selection  of  the  members  thereof,  be  referred  to 
the  Board  of  Government  with  full  powers.  After  a  short  discussion,  by 
Mr.  Howland  who  the  opposed  motion  and  desired  that  the  matter  be  laid  on 
the  table  till  the  next  meeting,  and  by  Mr.  Smith  who  favored  the  refer- 
ence to  the  Board  of  Government,  the  motion  was  carried. 

The  Secretary  read  a  communication  from  Mr.  O.  Chanute  inviting 
the  members  of  the  Society  to  attend  and  take  part  in  the  Fifth  Interna- 
tional Congress  for  Internal  Navigation,  which  is  to  be  held  in  Paris,  be- 
ginning July  21,  1892. 

A  communication  was  also  read  from  the  Secretary  of  the  Massachusetts 
Commission  World's  Columbian  Exposition  asking  the  co-operation  of  the 
Society  in  securing  a  creditable  exhibit  from  Massachusetts  in  the  depart- 
ment of  civil  engineering  at  the  World's  Fair.      The  communication  was 
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referred  to  the  Bo,ard  of  Government  to  report  at  a  future  meeting  what 
action  was  desirable. 

A  vote  of  thanks  was  passed  to  the  President  of  the  American  Beli 
Telephone  Co.,  for  courtesies  shown  the  members  on  the  occasisn  of  the 
visit  to  the  new  Telephone  Building. 

The  President  then  introduced  Mr.  Thomas  C.  Clarke  of  New  York, 
who  gave  a  very  interesting  talk  on  the  progress  made  in  bridge  building- 
during  the  last  fifty  years,  with  especial  reference  to  long  spans  and  deep 
foundations.  His  remarks  were  illustrated  by  a  number  of  lantern  views 
of  the  Poughkeepsieand  the  Hawkesbury  bridges  and  of  a  proposed  bridge 
across  the  Hudson  river  at  New  York. 

On  motion  of  Mr.  Manley  the  thanks  of  the  Society  were  extended  to 
Mr.  Clarke  for  his  interesting  address. 

(Adjourned)  S.  E.  Tinkham.  Secretary. 


Annual  Report  of  the  Boakd  of  Government  for  the  Year  1891-92.. 

In  accordance  with  the  requirements  of  the  Constitution,  the  Board  of" 
Government  submits  the  following  as  its  report  for  the  year  ending  March 
16,  1892: 

At  the  last  annual  meeting  the  total  membership  of  the  Society  was: 
265,  four  honorary  members,  one  associate  and  260  members.  During  the- 
past  year  we  have  lost  four  members,  two  by  death  and  two  by  resigna- 
tion, and  29  new  members  have  been  added  to  the  list,  making  a  net  gain 
of  25.  Messrs.  James  B.  Francis  and  Samuel  Nott,  both  of  whom  have 
been  connected  with  the  Society  ever  since  its  organization  in  1848,  have 
this  year  been  placed  on  the  list  of  honorary  members.  The  Society  at 
present  has  a  membership  of  290,  of  which  283  are  members,  six  honorary 
members  and  one  an  associate. 

It  is  worthy  of  note  that  this  year  no  member  has  forfeited  his  mem- 
bership on  account  of  non-payment  of  dues. 

The  Treasurer's  report  shows  a  net  gain  of  $634.01  in  the  funds  of  the 
Society,  of  which  $445.91  has  been  added  to  the  permanent  fund. 

Ten  regular  meetings  and  one  social  gathering  have  been  held  during 
the  year. 

At  the  regular  meetings  the  attendance  aggregated  553  members  and 
its  visitors,  a  total  of  731.  The  smallest  attendance  at  any  meeting  was 
28,  and  the  largest  was  99,  the  average  being  73.  The  attendance  at  the 
annual  dinner  was  exactly  100,  members  and  guests. 

During  the  year  the  following  papers  and  discussions  have  been  giv- 
en: 
March  IS.   1S91:—  Annual  Meeting:—  Address  by  President  Clemens  Her- 

schel :  i;On  the  Advancement  of  the  Profession  of  the  Civil  Engineer." 
April  15,  1891:—  Refrigerating  Process,  Water-supply  and  Sewerage  Sys- 
tem of  the  North  Packing  &  Provision  Co.,  at  Somerville,  by  G.  A. 

Kimball. 

Asphalt  and  Stone  Pavements  in  Buffalo,  by  H.  T.  Buttolph. 

Discussion  on  Highway  Legislation. 
May  20.  1891:—  Town  Boundary  Survey  of  Massachusetts,  by  C.  H.  Van- 

Orden.  ♦ 

Some  Problems  in  City  Engineering,  by  L.  M.  Hastings. 

Methods  used  to 'determine  the  best  capacity  to  give  Basin  6,  Boston 

Water  Works,  by  Desmond  FitzGerald. 
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June  IT.  1S91:—  The  Chemical  Precipitation  of  Sewage,  by  Allen  Hazen. 

September  16,  1891:— The  Selection  of  Sources  of  Water  Supply,  by  Pres. 
F.  P.  Stearns. 

October  21,  1S91:— Chignecto  Ship  Railway,  by  Dwight  Porter. 

Account  of  the  International  Congress  of  Hygiene  and  Demography, 
by  Thomas  M.  Drown. 

November  IS,  1891:— Aspects  of  European  Sanitary  Science,  by   W.  T. 
Sedgwick. 

New  Form  of  Stadia  Telescope,  by  R.  H.  Richards. 
Stadia  Charts,  by  E.  P.  Adams. 

December  16,  1891:— Memoir  of  Samuel  M.  Felton,  by  a  Committee  of  the 
Society. 
Stony  Brook  (Boston)  and  its  Improvements,  by  H.  H.  Carter. 

January  18.  1S92: — Series  of  Papers  on  Municipal  Government  in  some  of 
the  larger  cities. 

St.  Louis,  by  Robert  Moore;  Boston,  by  William  Jackson;  New  York, 
-  by  Francis  M.  Scott;  Philadelphia,  by  Dwight  Porter;  Providence 
by  J,  Herbert  Shedd;  Buffalo,  by  E.  B.  Guthrie;  Paris,  France,  by  H. 
D.  Woods. 

February  17,  1892:— Highway  Construction,  Discussion  by  W.  E.  McClin- 
tock,  C.  R.  Cutter,  H.  B.  Wood,  Henry  Manley  and  E.  W.  Howe. 
Course  of  Instruction  in  Highway  Engineering  at  the  Mass.  Institute 
of  Technology,  by  F.  E.  Foss. 

Further  announcements  have  been  made  during  the  year  with  refer- 
ence to  the  International  Engineering  Congress  to  be  held  at  Chicago  in 
the  summer  of  1893,  in  connection  with  the  Columbian  Exposition.  It  is 
hoped  that  the  members  of  this  Society  will  do  their  fair  share  in  promoting 
the  success  of  this  Congress  by  presenting  papers  and  otherwise  taking 
part  in  its  proceedings.  This  Society  has  been  called  upon  to  assist  in 
maintaining  an  engineering  headquarters  during  the  continuance  of  the 
Exposition,  by  contributing  $550,  and  its  members  have  shown  their  inter- 
est in  the  matter  by  promptly  subscribing  nearly  the  full  amount.  The 
Treasurer  reports  that  8538.50  have  been  subscribed,  of  which  $327,  have 
been  paid. 

The  Secretary  reports  that  ten  members  have  subscribed  $59,  towards 
the  fund  for  erecting  a  monument  to  James  B.  Eads,  of  which  $29,  have 
been  paid  and  are  now  in  his  possession. 

Our  connection  with  other  local  societies  in  the  country  by  means  of 
the  Association  of  Engineering  Societies  continues  to  be  entirely  satisfac- 
tory. There  has  been  one  meeting  of  the  Board  of  Managers  of  this  As- 
sociation at  which  our  Society  was  represented.  At  this  meeting  it  was 
voted  to  terminate  the  contract  under  which  the  Journal  was  then  being 
published  and  to  resume  the  plan  originally  adopted  of  publishing  it  on 
the  account  of  the  Association,  which  is  now  believed  to  be  strong  enough 
to  carry  it  on  successfully.  This  change  has  resulted  in  a  decided  im- 
provement in  the  general  appearance  of  the  Journal. 

For  the  Board  of  Government. 

Frederic  P.  Stearns,  President. 

Boston,  March,  16,  1892. 
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Abstract  of  the  Treasurer's  and  Secretary's   Reports  for  the 
Financial  Year  1891-92. 

Current  Fund. 
Receipts. 

Dues  of  Resident  Members  for  1891-93,  198  at  $6.00 $118S.00 

"       Non-resident  Members  for  1891-92,  60  at  $4.00 340.00 

1 1.35 

"Resident                       "             "    1892-93,  3  at  $6.00 13.00 

"Non-resident             "            "           "      3  at  $4.00 12.00 

"  New  Members 134.00 

Sales  of  Journals 1.25 

Old  Furniture  sold 3.33 

Interest  on   Deposits 16.85 

Cash  at  beginning  of  year 295.64 

$1904.32 
Expenditures. 

Association  of  Engineering  Societies  for  Journal $772.83 

"  "  '•  "         Managers' Meeting....     38.72 

Binding   and  periodicals 35.15 

Printing,  postage  and  stationery 230.89 

Annual  dinner 30.00 

Expenses  of  meetings,  rent,  stenographer  and  lantern 123.00 

Secretary's  salary 200.00 

Cash  on  deposit 483.74 

$1904.32 
Permane7it  Fund. 
Receipts. 

Twenty-nine  entrance  fees $290.00 

Interest  and  dividends 155.91 

Cash  at  beginning  of  year 483.87 

Total $938.78 

Schedule  of  Funds  of  the  Society,  March  11, 1892. 

One  Republican  Valley  R.  R.  Bond,  par  value : . .  $600.00 

Nine  shares  C.  B.  &  Q.  R.  R.,  Stock,  par  value 900.00 

Mortgage  on  real  estate 1500.00 

Cash  on  deposit.  Permanent  Fund $93S.78 

Current  Fund 483.74 

$1413.53 

$4412.52 
Schedule  presented  at  last  annual  meeting 3778.51 

Net  gain $  634.01 

The  Treasurer  has  also  on  deposit  $327.00  for  Chicago  Headquarters 
Fund. 


Report  of  Committee  on  Library. 
To  the  Boston  Society  of  Civil  Engineers:  — 

The  .library  has  remained  during  the  past  year  at  Room  70  in 
the  American  House,  but  as  the  room  is  small  and  already  filled  be- 
fore, the  accessions  for  the  past  year  have  been  and  are  now  stored  at  the 
offices  of  the  Secretary  and  Librarian. 
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Nine  volumes  of  periodicals  have  been  bound  during  the  year. 

Notwithstanding  the  chaotic  condition  in  which  the  library  is  necessar- 
ily owing  to  the  limited  space  available  and  also  owing  to  the  very  limited 
time  which  the  Librarian  can  devote  to  it,  it  has  been  used  more  during 
the  past  year  by  the  members  than  in  any  other  year  since  it  was  moved 
from  the  Boston  &  Albany  Railroad  Station. 

During  the  year  the  Librarian  has  been  looking  to  see  what  could  be 
done  to  make  the  library  more  accessible  to  the  members  and  has  found 
one  member  who  has  a  large  office  room  and  who  thinks  an  arrangement 
might  be  made  to  have  the  better  portion  of  the  library  moved  to  his  office 
and  for  a  small  compensation  one  of  his  assistants  might  care  for  it.  If 
this  could  be  done  the  balance  could  be  arranged  in  Room  70  and  there 
would  be  sufficient  space  for  the  accessions  for  a  few  years. 

Within  a  few  days  it  has  been  brought  to  the  attention  of  the  commit- 
tee that  a  number  of  valuable  reports  might  be  obtained  how  from  an  es- 
tate which  is  being  closed  up  and  the  committee  are  looking  the  matter 
up. 

The  magazines  which  are  received  by  the  Society  by  exchange^or  sub- 
scriptions are: — 

London  Engineering,  Engineering  News,  Engineering  and  Building 
Record,  Annales  des  Ponts  et  Chaussees,  The  Electrician,  Railroad  Ga- 
zette, Railroad  and  Engineering  Journal,  Journal  of  the  Franklin  Insti- 
tute. 

These  together  with  the  Government  and  other  reports  and  transac- 
tions of  other  societies,  form  the  only  means  of  increasing  the  library. 
Respectfully  submitted, 

F.  W.  Hodgdon,  Librarian. 
S.  E.  Tinkham, 
H.  D.  Woods, 

X.  H.  GoODNOTJGH, 

Committee  on  Library. 


Report  of  Committee  ox  Excursions. 
To  the  Boston  Society  of  Civil  Engineers :  — 

The  Committee  on  Excursions  submit  the  following  report  of  their 
work  for  1891-92.    The  excursions  arranged  Were: — 

April  15,  1891: — North  Packing  &  Provision  Co.,   Somerville,  50  present. 
May  20, 1891:— Basin  6,  Boston  Water  Works,  Ashland,  53  present. 
June  17,  1891:— Lowell  Carpet  Works  and  Merrimack  Mills,  Lowell,  43 

present. 
Oct.  21, 1891:—  Metropolitan  Sewerage  Works,  Deer  Island,  46  present. 
Nov.  18,  1891: — West  End  Street  Railway's  Power  Station,  Albany  street, 

Boston,  46  present- 
Dec.  16, 1891:— Mystic  Wharves,  16  present. 
March  15,  1892:— New  Building  of  American  Bell  Telephone  Co.,  Milk 

Street,  Boston,  34  present. 

The  only  comment  or  suggestion  the  committee  have  to  make  is  in  re- 
lation to  the  annual  excursions.  There  seemed  to  be  a  general  lack  of  in- 
terest in  the  matter  last  year  and  the  committee  would  recommend  that 
their  successors  make  sure  that  the  members  wish  to  continue  the  custom 
before  making  arrangements  for  another  excursion. 

For  the  Committee, 
Boston,  March  15,  1892.  F.  O.  Whitney,  Chairman. 
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March  8,  1892: — The  twelfth  Annual  Meeting  was  called  to  order  by 
President  Gobeille  at  8  o'clock  P.  M,  with  34  members  and  visitors  pres- 
ent.   The  minutes  of  the  last  meeting  were  read  and  approved. 

The  President  appointed  Messrs.  Wm  T.  Blunt  and  C.  O.  Palmer  as 
tellers  to  canvass  the  ballots  for  the  election  of  new  members  and  for  the 
election  of  officers  for  the  ensuing  year. 

The  executive  Board  recommended  the  election  of  Messrs.  Ernest 
Charles  Barth  and  Peter  Rasch  as  active  members. 

A  communication  from  Mr.  O.  Chanute  regarding  the  Fifth  Internat- 
ional Convention  for  Internal  Navigation  to  beheld  at  Paris  in  1892  was 
read  by  the  Secretary. 

Mr.  C.  P.  Leland,  chairman  of  the  banquet  committee,  reported  that 
arrangements  had  been  made  for  holding  the  Annual  Banquet  at  the  Hol- 
lenden  on  March  15th  and  that  the  attendance  promised  to  be  larger  than 
at  any  previous  banquet. 

The  Secretary,  Treasurer,  and  Librarian  presented  their  annual  re- 
ports, which  were  accepted. 

Motion  was  made  and  carried  that  the  Treasurer  reimburse  the  Presi- 
dent for  money  expended  for  Club  stationery,  work  on  the  certificates  etc. 
amounting  to  §55.40. 

On  motion  it  was  voted  that  Mr.  C.  P.  Leland  be  appointed  to  examine 
the  vouchers  of  the  Treasurer. 

Mr.  Morse,  chairman  of  the  programme  committee,  reported  on  the 
work  of  the  year.  The  programme  committee  presented  three  short  but 
interesting  reports,  one  by  Prof.  D.  C.  Miller  read  by  Prof.  Howe  on  "Pro- 
gress of  Astronomy  in  1891,"  one  by  Mr.  Mordecai  on  "Railroad  Engineer- 
ing"' and  one  by  Mr.  Coburn  on  "Recent  Works  of  Architecture". 

The  tellers  reported  that  Messrs.  Sidney  R.  Badgley  and  Peter  Neff 
Jr.,  had  been  elected  active  members,  and  that  Mr.  Edwin  L.  Thurston 
had  been  elected  an  associate  member. 

They  also  reported  that  the  following  officers  had  been  elected  for  the 
ensuing  year: 

For  President,  Walter  P.  Rice. 

For  Vice  President,  Albert  H.  Porter. 

For  Secretary,  Charles  S.  Howe. 

For  Treasurer,  Cyrus  P.  Leland. 

For  Librarian,  Charles  H.  Benjamin. 

For  1st  Director,  Charles  H.  Strong. 

For  2nd  Director,  Gustavus  A.  Hyde. 

A  vote  of  thanks  was  tendered  the  retiring  officers. 

The  Annual  Address  was  delivered  by  retiring  President  Gobeille  on 
"The  Financial  Status  of  the  Engineer." 

On  motion  adjourned.  A.  H.  Pokter,  Secretary. 


Secretary's  Report. 

To  the  President  and  Members  of  The  Civil  Engineers'  Club  of  Cleveland. 
Gentle  men:  The  records  of  the  Club  show  the  following  as  the  re- 
sults of  the  last  years  work:  Ten  regular  meetings  besides  the  Annual 
Meeting  were  held  during  the  past  year,  the  meeting  for  August  only  be- 
ing omitted.    At  these  meetings  the  total  attendance  of  members  and  vis- 
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itors  was  three  hundred  and  fifty-four  or  an  average  attendance 'for  the 
ten  meetings  of  thirty-five.  The  largest  number  present  at  any  meeting 
was  on  June  12th  when  sixty  members  and  visitors  were  present.  The 
smallest  attendance  was  on  Sept.  8th  when  only  twenty  members  and 
visitors  were  present. 

Besides  the  regular  meetings  there  was  the  Annual  Banquet  on  March 
17th  which  about  one  hundred  and  sixty-five  members  and  guests  attend- 
ed, the  annual  picnic  on  July  11th  at  which  about  seventy-five  members 
and  friends  were  present,  a  visiting  day  on  September  29th  when  thirty- 
seven  members  and  friends  were  present,  and  another  visiting  day  on 
November  10th  when  eighty  members  and  friends  were  present. 

President  Gobeille  was  present  and  presided  at  every  meeting  during 
the  year. 

There  have  been  read  before  the  Club  since  the  last  Annual  Meeting 
thirteen  papers,  not  counting  those  at  the  Annual  Meeting,  besides  six  in- 
teresting reports  on  technical  subjects,  some  of  which  were  equivalent  to 
short  papers. 

The  papers  were  as  follows: 

The  Education  of  the  Mechanical  Engineer,  Prof.  C.  H.  Benjamin. 

Recent  Advancement  in  Electrical  Engineering,  James  Ritchie. 

Considerations  Governing  the  Choice  of  a  Dynamo,  E.  P.  Roberts. 

Steering  Gear  on  Vessels  for  Lake  Service,  Walter  Miller. 

Design  for  Store  Fronts  of  Sixty  Feet  Span  without  Intermediate  Sup- 
porting Columns,  James  Ritchie. 

Straw  and  Corn  on  the  Cob  as  Fuel  for  Domestic  Purposes,  Jos.  Leon 
Gobeille. 

The  Lamp,  The  Electric  Light  Station  Manager  and  the  Customer, 
E.  P.  Roberts. 

A  New  Method  of  Computing  Areas  in  Land  Surveying,  Prof.  C.  S. 
Howe. 

French  Roads,  Their  Administration,  Construction  and  Maintenance 
Prof.  F.  H.  Neff. 

Mathematical  Tables  and  Methods  of  Computation,  Prof.  C.  S.  Howe. 

The  Patent  Office  of  The  United  States,  N.  P.  Bowler. 

On  the  Center  of  All  the  Dry  Land  on  the  Earth's  Surface,  Prof.  J.  N. 
Stockwell. 

Mining  Engineering,  John  L.  Culley. 

The  membership  at  the  commencement  of  the  year  consisted  of  four 
Honorary,  five  Corresponding,  eight  Associate  and  one  hundred  and  thir- 
ty-six Active  Members, — a  total  of  one  hundred  and  fifty-three.  Our 
membership  has  not  been  reduced  by  a  single  death  during  the  year.  One. 
Active  member,  Mr.  J.  F.  Holloway,  has  been  elected  an  Honorary  mem- 
ber. Three  Active  members  have  been  transferred  to  Corresponding 
members,  and  one  Corresponding  member,  Mr.  Wm  T.  Blunt,  has  taken 
up  his  residence  among  us  and  resumed  his  Active  membership.  Two  Ac- 
tive members  Mr.  F.  W.  Wilson  and  Mr.  E.  H.  Martin  have  resigned. 
One  Corresponding  and  eleven  Active  members  have  been  elected,  so  that 
the  membership  now  consists  of  five  Honorary,  eight  Corresponding,  eight 
Associate  and  one  hundred  and  forty-one  Active  members,  a  total  of  One 
hundred  and  sixty-two. 

Early  in  the  year  the  subject  of  incorporation  was  brought  up  and 
discussed,  and  finally  the  Executive  Board  was  instructed  to  secure  the 
incorporation  of  the  Club.    This  was  at  once  done  and  late  in  May  the  cer- 
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tificate  of  incorporation  was  obtained,  framed  and  hung  in  the  Club  rooms. 
Certificates  of  membership  have  been  engraved,  printed,  filled  in  and 
forwarded  to  every  member  whose  name  and  address  could  be  obtained. 

The  provisions  of  the  new  constitution  which  was  adopted  at  the  last 
Annual  Meeting  necessitated  a  considerable  increase  in  the  expenses  for 
printing  with  no  increase  in  the  income  for  the  year  just  closed.  The  sum 
placed  to  the  credit  of  the  permanent  fund,  and  the  amount  advanced 
towards  the  Clubs'  share  of  the  expenses  of  the  Columbian  International 
"Congress  and  Engineering  Headquarters,  leaves  the  amount  in  the  hands 
of  the  Treasurer  small,  still  it  is  probable  that  the  increased  dues  for  the 
current  year,and  the  increase  in  the  permanent  fund  will  place  the  financ- 
es of  the  Club  in  a  better  condition  than  ever  before. 

Respectfully  submitted, 

A.  H   Poster,  Secretary. 


Repoet  of  the  Librarian. 

During  the  past  year  the  work  of  the  librarian  has  not  been  a  matter 
of  very  serious  consequence,  he  has  not  glorified  himself  by  burning  the 
midnight  oil  of  his  vital  energy  in  long  weary  hours  of  toil  for  the  library. 
In  spite,  however,  of  this  drawback,  the  library  has  grown  and  prospered. 

At  one  of  the  very  first  meetings  of  the  Civil  Engineer's  Club  provision 
was  made  for  a  library.  For  a  period  it  was,  so  to  speak,  embryonic,  but 
donations  of  books  were  made  by  our  first  president,  Chas.  Paine,  and  sev- 
eral others.  Many  government  reports  have  been  received,  mostly  through 
the  kind  offices  of  Col.  J  .M.  Wilson.  Additions  have  also  come  from  other 
societies,  firms  and  individuals  at  home  and  abroad.  We  also  have  a  num- 
ber of  pictures,  a  few  specimens  of  ore  and  manufactured  iron  and  several 
valuable  articles  from  the  International  Society  for  the  Preservation  of 
Weights  and  Measures,  and  so  on,  until  we  have  a  collection  of  appreci- 
able value. 

The  location  of  our  quarters  in  Case  Library  was  the  commencement 
of  the  second  period  of  our  history.  The  arrangements  growing  out  of  this 
relation  have  been  of  great  value  to  the  club.  During  the  years  that  fol- 
lowed, we  have  had  a  pleasant  room,  it  has  been  well  taken  care  of  and 
every  convenience  that  could  be  practically  provided  in  a  room  of  this 
size  has  been  ours  to  enjoy.  For  very  much  we  are  indebted  to  the  uni- 
form kindness  of  the  Trustees  of  Case  Library. 

It  is  proper  to  state  that  between  this  club  and  the  Case  Library  there 
has  grown  up  gradually  a  relationship  which  has  developed  into  a  mutual 
interest  and  kindly  feeling.  Of  course,  this  cannot  but  result  in  benefit  to 
the  Club,  and  we  trust  that  the  Civil  Engineer's  Club  by  its  high  standing 
as  a  scientific  organization,  by  the  scholarly  attainments  of  its  member- 
ship and  by  the  strength  of  its  moral  influence  and  position  in  the  City  of 
Cleveland  will  be  a  strong  support  for  Case  Library. 

As  a  well  selected  collection  of  choice  books  the  Case  Library  is  with- 
out doubt  the  finest  library  in  the  State  and  this  is  especially  true  from  a 
scientific  stand-point. 

For  the  first  thirty  years  of  its  life  it  was  supported  principally  by 
membership  fees.  In  1862  it  was  given  its  pleasant  rooms  free  of  rent  and 
in  1876  Mr.  Leonard  Case,  Jr.,  gave  the  Cleveland  Library  Association  the 
entire  Case  Block,  valued  then  at  §300,000  and  the  name  was  changed  to 
the  Case  Library. 
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The  Library  itself  is  worth  nearly  or  quite  $100,000. 

Let  us  look  for  a  moment  upon  these  shelves  which  have  been  the  pride 
of  our  growing  City  for  forty-seven  years.  Crowded  within  these  walls 
are  thirty  thousand  volumes,  exclusive  of  Government  Reports.  On  the 
tables  and  files  are  157  monthly,  weekly  and  daily  journals. 

If  you  are  interested  in  Ornithology,  here  is  Audubon's  Birds  of  Amer- 
ica, valued  at  §400,  besides  all  the  other  great  standard  works  on  this  sub- 
ject. If  you  are  interested  in  Botany,  you  will  find  Lardon's  "Arboratum," 
Sargent's  "Silvia  of  North  America,"  (which  is  gotten  up  on  the  grandest 
scale  of  any  book  ever  published  in  this  or  any  other  country)  and  beside 
every  other  noted  book  on  Botany. 

On  Zoology,  we  will  find  beside  many  others  the  reports  of  the  voyage 
of  H.  M.  S.  Challenger  Around  the  World  for  Deep-Sea  Soundings,  worth 
$300.  For  the  artist  who  is  interested  in  Ceramic  Art  here  is  a  beautifully 
illustrated  work,  "The  Ornamental  Arts  of  Japan"  in  two  volumes,  val- 
ued at  $110  and  the  Soft  Porcelain  of  France,  a  most  beautiful  volume. 

The  Library  contains  all  the  Dictionaries  and  Cyclopedias  of  Science, 
Art  or  Literature  of  known  value  that  are  published.  In  fact,  a  more 
complete  reference  library  would  be  difficult  to  find.  For  Inventors  there 
are  the  full  and  complete  Patent  Office  Reports,  Drawings  and  Specifica- 
tions to  date,  and  every  work  on  Patent  Laws.  Here  are  splendid  works 
on  Ship-Building,  and  as  for  text-books,  the  departments  of  Civil  Engin- 
eering, Architecture,  Electricity  and  Chemistry  are  all  exhaustively  rep- 
resented. 

New  and  late  books  are  daily  being  added  which  are  selected  not  with 
>reference  to  their  expense  but  to  their  value  as  standard,  works.  One  of 
the  recently  added  volumes  is  Rowland's  Photographic  Map  of  the  Spec- 
trum. Prof.  Rowland  is  an  American  Civil  Engineer;  his  great  work  on 
this  subject  surpasses  in  correctness,  exhaustiveness  and  practical  value 
,  any  work  on  this  subject  ever  published. 

Of  course,  it  is  well  known  to  the  members  of  the  Club  that  any  book 
of  known  value  not  in  the  Library  that  is  desired  by  any  member  of  this 
Club  will  be  purchased  and  added  to  the  Library  if  the  Librarian  is 
notified.  The  members  of  the  Civil  Engineer's  Club  are  also  cordially  in- 
vited to  use  the  Reference  Books  freely  and  to  take  them  to  their  homes  if 
they  desire  (the  term  Reference  Books  refers  to  those  books  that  are  re- 
garded as  too  valuable  to  be  placed  in  general  circulation). 

To  the  Librarian,  Mr.  Orr,  we  are  indebted  for  many  kind  courtesies. 
Mr.  Orr  is  an  experienced  librarian  thoroughly  conversant  with  books  in 
general  and  with  the  biblical  wants  of  Engineers.  I  would  especially  re- 
commend the  members  of  the  Club  to  become  acquainted  with  Mr.  Orr. 

For  all  the  purposes  for  which  our  members  could  want  a  library  the 
Case  Library  is  as  completely  open  to  their  use  as  if  the  words,  The  Civil 
Engineer's  Club  of  Cleveland,  were  written  over  the  outside  doors  of  Case 
Block. 

This  great  Library  has,  like  the  Civil  Engineer's  Club,  outgrown  its 
quarters.  The  rooms  have  been  enlarged  until  it  is  now  necessary  to 
make  extensive  alterations  in  this  building  or  build  another.  The  Board 
of  Trustees  have  decided  upon  the  latter  course,  and  I  am  authorized  to 
state  what  many  already  know,  that  in  the  new  building,  large  and  con- 
venient rooms  are  to  be  provided  for  the  Civil  Engineers  Club. 

The  new  building  will  be  very  near  this  one,  having  a  front  of  fifty 
feet  on  RockwellSt.  and  extending  125  feet  on  Park  Place.    It  is  comtem- 
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plated  to  reserve  for  us  fifty  feet,  square  on  the  lower  floor.  The  building 
will  be  commenced  early  this  Spring  and  will  be  pushed  rapidly  to  com- 
pletion. 

In  regard  to  the  books  and  pamphlets  that  are  the  private  property  of 
the  Club,  an  arrangement  has  been  made  whereby  they  will  be  placed  un- 
der the  care  of  the  Case  Library,  where  they  will  be  catalogued,  number- 
ed and  otherwise  cared  for.  They  will  be  kept  together  and  in  the  Club 
Room,  and  will  be  taken  from  the  Library  only  by  members  of  the  Club, 
and  are  insured  against  fire. 

The  work  of  the  incoming  Librarian  will  not  be  less  arduous  than 
that  of  his  predecessor.  The  rubber  stamp  still  remains,  the  signet  of 
the  office,  and  I  leave  it  to  him  and  those  that  may  follow  him,  to  mark 
in  analine  colors  on  the  clean  first  page  of  every  new  book, "The  Civil  En- 
gineer's Club  of  Cleveland". 

Respectfully  submitted, 

Clarence  M.  Bakber,  Librarian. 


WESTERN  SOCIETY  OF  ENGINEERS. 


290th  Meeting.  April  6th.,  1892:— The  290th  meeting  of  the  Society 
was  held  at  Apollo  Hall,  Central  Music  Hall  Building,  Wednesday  April 
6th.,  1892,  a1  s  p.  in..  President  Randolph  in  the  chair  and  over  100  mem- 
bei'S  and  guests  present. 

The  minutes  of  the  last  meeting  being  formally  approved,  the  Secre- 
tary reported   fur  the  Board  of  Directors  the  following  members  elected: 

James  K.  Smedberg,  T.  N.  Conlin,  YVm.  Shingleton,  George  Weston, 
Fredk.  H.  Davies,  James  I).  Raynolds,  Robert  E.  Orr,  Chas.  N.  Roberts, 
William  C.  Halliday. 

The  following  applications  were  received: 

Garretl    Davis,    .John   C.    Spencer.    Herbert  F.    Northrup.  James  F.* 
Deimling. 

The  Committee  on  Permanent  and  Temporary  Quarters  submitted  a 
progress  Report. 

President  Randolph  briefly  called  attention  to  the  special  work  of  the 
evening  and  asked  for  a  motion  to  suspend  the  regular  order  of  business. 
Moved  and  seconded  that  the  regular  order  of  business  be  suspended. 
The  President  then  explained  the  object  of  the  meeting  to  be  to  discuss 
i  lie  question  of  a  Technological  School  in  connection  with  the  University 
of  Chicago,  and  concluded  by  introducing  Prof.  Harper,  who  spoke  at 
length  on  the  subject,  detailing  the  position  the  University  would  take 
and  w  hat  ii  would  do  for  the  cause. 

Prof.  Harper  was  followed  by  Mr.  Willard  A.  Smith,  Chief  of  Trans- 
portation Exhibits.  Columbian  Exposition,  Mr.  D.  Adler,  Mr.  Francis  W. 
Parker,  Mr.  L.  P.  Morehouse,  Mr.  L.  E.  Cooley,  Mr.  H.  L.  Bridgman,  Mr. 
T.  (I.  Gribble,  and  Mr.  Perry.  A  vote  of  thanks  was  tendered  to  Dr. 
Harper. 

Adjourned.  Jonx  W.  Weston,  Secretary. 


May  11th.,  1892.— The  291st.  meeting  of  the  Society  was  held  at  the 
looms  of  the  -'Central  Traffic  Association,"  The  Rookery,  Chicago,  Wed- 
nesday evening.  May  11th..  1892.  with  over  60  members  present  Presi- 
dent Isham  Randolph  in  the  chair. 
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The  minutes  of  the  preceding  meeting  were  approved. 

The  Secretary  reported  the  following  new  members  elected:  Garrett 
Davis,  John  C.  Spencer,  James  F.  Deimling,  Herbert  F.  Northrup. 

The  application  of  Mi*.  John  R.  Darcy  was  filed. 

The  report  of  the  Committee  on  the  "Railway  Problem  of  Chicago" 
etc.,  being  in  order,  President  Randolph  rose  to  explain,  on  behalf  of  the 
chairman  of  the  Committee,  Mr.  Richard  P.  Morgan,  and  himself,  the  de- 
lay in  the  presentation  of  this  Report.  Mr.  Morgan's  absence  in  Califor- 
nia had  interposed  difficulties  in  the  way  of  communication  which  had 
seemed  to  impose  upon  the  president  of  the  Society,  the  necessity,  endors- 
ed by  the  other  members  of  the  Committee,  of  presenting  the  Report  with- 
out a  final  word  from  the  Chairman  of  the  Committee.  Mr.  Morgan  had 
made  great  sacrifices,  both  of  time  and  money,  and  had  been  indefatigable 
in  his  efforts  to  carry  on  the  work  of  the  Committee. 

The  Report  of  the  Committee  was  read  by  the  Secretary.  On  the  con- 
clusion of  the  reading  President  Randolph  stated  that  this  was  the  major- 
ity report,  and  that  there  would  be  two  and  possibly  three  minority  re- 
ports, which  should  properly  be  presented  together,  he  would  therefore 
ask  for  instructions. 

Me.  Cobthell:  I  move  that  the  majority  report  of  the  committee 
which  has  been  read,  and  any  minority  reports  that  there  may  be,  be 
printed  as  soon  as  possible  and  distributed  to  all  the  members  of  the  So- 
ciety for  reading  and  study  and  at  the  next  meeting  of  the  Society,  the 
subject  be  discussed.    Seconded  and  carried. 

Me.  Thos.  Appleton  then  presented  the  following  resolution: 

Resolved: — That  a  committee  consisting  of  the  Board  of  Directors  and 
three  members  to  be  appointed  by  the  chair,  take  up  and  consider  the 
matter  of  amenments  to  the  Constitution  and  By-Laws,  said  committee 
to  report  to  the  Society  as  soon  as  practicable,  with  drafts  of  such  amend- 
ments as  they  recommend.  And  all  members  of  the  Seciety  are  invited 
to  send  to  the  Secretary  any  suggestions  relative  to  revision  of  the  Con- 
stitution and  By-Laws  which  may  seem  to  them  advisable,  and  such  sug- 
gestions will  be  duly  considered  by  said  Committee.  Seconded  and  carried. 

Adjourned.  John  W.  Weston,  Secretary. 


Editors  reprinting  articles  from  this  journal  are 
requested  to  credit  both  the  JOURNAL  and  the 
Society  before  which  such  articles  were  read. 
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SMOKE  PREVENTION. 


Report  of  the  Special  Committee  on  Prevention  op  Smoke. 


[Presented  to  Engineers'  Club  of  St.  Louis.] 

Your  committee,  charged  with  the  duty  of  investigating  the  coal 
smoke  problem,  and  making  such  recommendations  as  may  tend  to 
abate  the  evil  which  prevails  in  our  city  to  so  serious  an  extent,  offer 
the  following  report  as  the  result  of  a  careful  consideration  of  evidence 
accumulated  not  merely  during  the  past  year  of  this  committee's  exist- 
ence but  through  many  years,  as  well,  of  active  interest  in  the  various 
questions  relating  to  the  economical  use  of  fuels. 

The  subject  will  be  discussed  under  the  following  general  heads: 

I.  Introduction.  Importance  of  the  Subject  to  all  Classes  of  the 
Community.  Misapprehension  existing  as  to  the  Nature  of  the  Pro- 
blem. 

II.  The  Principles  and  Reactions  upon  which  Combustion  depends. 
Conditions  favorable  for  Producing  Smoke  and  those  required  to  Pre- 
vent. 

III.  The  Fuels  used  in  St.  Louis  and  their  Relation  to  the  Smoke 
Problem. 

IV.  The  Various  Classes  of  Fuel  Users  and  their  Relation  to  the 
Smoke  Problem. 

V.  Conditions  of  Fuel  Consumption  under  Boilers  in  St.  Louis. 

VI.  Requirements  Necessary  for  a  Satisfactory  Smoke  Preventing 
Device. 

VII.  Classification  of  the  Important  Types  of  Smoke  Preventing 
Devices  and  the  Principles  upon  which  they  Depend. 
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VIII.  Experience  in  Other  Cities  relating  to  the  Abatement  of  the 
Smoke  Nuisance. 

IX.  .  Conclusions  and  Recommendations. 

Introduction. 

It  may  be  said  that  St.  Louis  has  suffered  more  than  any  other  im- 
portant city  of  the  country  from  a  combination  of  three  conditions 
most  unfavorable  to  the  improvement  and  metropolitan  development 
of  any  community,  1st.  unpaved  or  badly  paved  streets,  2nd.  water,  if 
not  unwholesome,  at  least  unattractive  and  often  repulsive  in  appear- 
ance, and  3rd.  an  atmosphere  polluted  with  coal  smoke.  Happily  for 
this  community  the  most  serious  of  these  handicaps  has  been  removed 
and  St.  Louis  may  now  claim  to  be  one  of  the  well  paved  cities  of  the 
country.  The  benefits  of  this  improvement  are  so  remarkable  and 
so  widely  recognized  that  few  among  us  will  deny  the  beginning  of  a 
new  era  of  development  and  prosperity  with  the  establishment  of  good 
pavements.  The  work  of  installing  the  main  low  service  pumping 
plant  at  Chain  of  Rocks,  far  above  the  sources  of  pollution  from  city 
and  suburban  drainage  is  already  well  advanced.  This  change  and  the 
many  improvements  connected  with  it  (some  the  results  of  investiga- 
tions now  in  progress  with  a  view  to  removing  the  mechanical  sedi- 
ment and  improving  the  quality  of  the  water)  will  ere  long  give  to  the 
people  of  St.  Louis  a  better  service,  and  a  water  not  only  purer  and 
more  wholesome  but  unobjectionable  in  appearance.  There  will  re- 
main then  the  purification  of  the  atmosphere  by  the  proper  abatement 
of  the  smoke  nuisance.  With  this  secured  not  only  may  St.  Louis 
boast  of  conditions  upon  which  especially  depend  outward  attraction 
and  the  comforts  of  living,  but  the  community  with  the  intelligence 
and  energy  to  accomplish  reforms  such  as  these  will  be  sought  after 
as  one  possessed  of  the  best  elements  of  prosperity  and  progressive  de- 
velopment. 

Of  the  three  great  problems  referred  to  relating  to  the  material 
improvement  of  the  city  that  which  seems  to  interest  the  greater  num- 
ber of  people  and  call  for  the  more  general  comment  and  criticism  is 
the  smoke  problem  and  yet  it  is,  apparently,  the  one  least  understood. 
In  its  relation  to  this  problem  the  community  may  be  divided  into  three 
general  classes  viz.,  the  manufacturers  and  other  large  consumers  of 
bituminous  coal;  the  inventors  and  promoters  of  smoke  preventing 
devices,  and  the  general  public.  The  manufacturers  and  other  large 
coal  users  are  mainly  responsible  for  the  production  of  the  smoke. 
They  may  or  may  not  have  had  experience  with  smoke  preventing 
devices.  If  they  have,  they  are  as  a  rule  dissappointed  because  of  the 
failure  to  secure  benefits  recklessly  promised.  General  indifference 
results,  or  an  established  belief  that  there  is  no  satisfactory  solution  to 
the  problem.     The   inventors  and  promoters  of  these  devices  stand 
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ready  with  their  universal  solvents  unable  to  understand  why  their 
efforts  for  the  public  good  are  so  little  appreciated.  Their  patent  ap- 
pliances are  unsuccessful  in  some  cases  because  of  being  founded  upon 
an  entire  misconception  of  the  underlying  principles  and  reactions  in- 
volved in  the  combustion  of  bituminous  coal,  or,  in  others,  from  a  want 
of  appreciation  on  the  part  of  the  inventors  and  users  alike,  of  the 
conditions  which  fix  the  limitations  of  successful  application.  And 
lastly  the  general  public,  too  ready  to  assume  that  a  smoking  chimney 
represents  wasteful  combustion  of  f  uel,  inveighs  on  the  one  band  against 
the  recklessness  and  want  of  enterprise  in  the  manufacturers  who  con- 
tinue to  pullute  the  air  and  on  the  other  against  inventors  and  even 
engineers  and  men  of  science  for  their  indifference  or  want  of  skill 
while  a  problem  which  promises  such  rich  rewards  remains  unsolved. 
It  would  seem,  then,  that  as  in  the  case  of  so  many  other  questions 
of  public  concern,  the  whole  community  must  be  educated  to  a  more 
intelligent  understanding-  of  the  problem  before  a  satisfactory  solution 
can  be  successfully  brought  about.  In  view  of  this  your  committee 
deem  it  important  to  present  at  the  outset  a  brief  but  clear  statement  of 
the  reactions  involved  in  the  combustion  of  bituminous  coal  and  their 
relation  to  the  development  and  prevention  of  smoke. 

n.  The  Principles  and  Reactions  Upon  Which  Combustion  De- 
pends. Conditions  Favorable  for  Producing  Smoke  and  Those 
Required  to  Prevent. 

All  coals  are  composed  of  an  organic  part  which  is  a  complex 
chemical  combination  of  carbon,  hydrogen,  oxygen  and  nitrogen  and 
an  inorganic,  or  mineral  part,  known  as  ash,  consisting  in  the  main  of 
clay  and  minor  quantities  of  iron  and  other  impurities.  Of  the  organic 
matters  carbon  forms  by  far  the  larger  part  and  nitrogen  is  present 
usually  to  the  extent  of  not  more  than  one,  or  one  and  a  half  per 
cent. 

Under  a  sufficiently  elevated  temperature  carbon  and  hydrogen 
combine  readily  with  the  oxygen  of  the  air  thereby  producing  sensible 
heat.  The  nitrogen  is  inert  and  merely  plays  the  part  of  a  diluent,  while 
the  oxygen  in  chemical  combination  with  the  other  elements  of  the 
organic  matter  represents  useful  material  already  oxidized  and  there- 
for used  up.  When  decomposition  of  the  organic  matter  is  effected  by 
the  application  of  heat  any  two  of  the  elements  such  as  carbon  and 
hydrogen  or  hydrogen  and  oxyg-en  may  separate  from  the  general 
compound  but  heat  is  not  developed  because  no  chemical  combination 
has  taken  place,  but  on  the  other  hand  heat  is  absorbed  because  a  sep- 
aration of  these  elements  from  the  general  combination  has  occurred. 

Besides  the  elements  already  referred  to  sulphur  will  be  found  to 
some  extent  in  all  coals  and  the  greater  part  of  this  is  usually  present 
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in  combination  with  iron  in  the  form  of  a  distinct  mineral  of  brassy 
yellow  color,  known  as  pyrites,  which  occurs  mechanically  associated 
with  the  coal. 

More  or  less  moisture  is  always  present  in  coal.  When  excessive 
this  may  be  due  to  mine  water  or  exposure  to  rain  or  snow  after  the 
shipment  from  the  mine.  Much  of  this  moisture  escapes  on  air  drying 
but  there  always  remains  even  after  long  air  drying  or  in  what  appears 
to  be  perfectfy  dry  coal,  a  notable  quantity  of  moisture  which  in  the 
ordinary  bituminous  coals  coming  to  this  market  ranges  from  5  to  10 
per  cent.  This  moisture  can  only  be  removed  by  exposing  the  coal  to 
a  temperature  of  at  least  212  degrees  F. 

The  mineral  matter  or  ash  ma,j  include  not  only  what  might  be 
called  essential  ash,  that  is,  the  mineral  matter  taken  up  by  and  form- 
ing a  part  of  the  plants  from  which  the  coal  is  derived,  but  may  include 
also  other  and  extraneous  matter  generally  in  the  form  of  clay  shale 
or  slate  occurring  along  the  planes  of  lamination  of  the  coal.  The  slaty 
material  can  to  some  extent  be  removed  by  hand  picking  and  very 
thoroughly  by  crushing  and  washing  the  coal,  but  the  essential  ash, 
which,  however,  is  small  in  quantity  and  less  injurious,  must  remain 
with  the  coal  until  the  organic  part  is  burned  away. 

During  combustion  the  particles  of  coal  are  more  or  less  protected 
from  exposure  to  the  air  and  the  grate  bars  become  clogged  by  the 
ash.  rendering  combustion  slow  and  irregular,  while  heating  power  is 
to  some  extent  sacrificed  in  heating  this  inert  matter.  In  these  re- 
spects the  evil  increases  with  the  guantity  of  ash.  The  fusibility, 
which  depends  upon  the  quality  of  the  ash,  is  even  more  serious  in  its 
effects  during  the  process  of  combustion.  Oxide  of  iron  if  present  in 
any  considerable  quantity  would,  by  the  formation  of  more  fusible  slags, 
increase  the  evil.  Oxide  of  iron  is  derived  mainly  from  the  pyrites 
which  loses  its  sulphur  during  the  combustion  of  the  coal  leaving  the 
iron  to  oxidize  and  combine  with  the  silicious  clayey  matter.  Not 
only  is  a  veiw  fusible  slag  thus  easily  formed  but  one  that  makes  a 
very  hard  and  clinging  clicker. 

Turning  now  to  the  process  of  combustion  it  will  be  seen  that  when 
the  coal  is  first  charged  into  the  already  heated  fire  place  the  moist- 
ure and  other  volatile  matter  readily  pass  off  leaving  each  lump  of 
coal  an  incandescent  mass  of  coke  from  which  finally  the  glowing  car- 
bon is  removed  by  oxidation  and  the  mineral  matter  or  ash  alone  re- 
mains. This  process,  simple  as  it  at  first  appears,  is  really  very  com- 
plex. The  moisture  which  may  be  evaporated  at  so  low  a  tempera- 
ture as  212  degrees  F.  does  not  necessarily  pass  off  at  once  in  the  high- 
ly heated  fire  place  before  the  other  volatile  matter  is  set  free.  The 
decomposition  begins  immediately  on  the  outside  of  the  lumps  of  coal 
and  the  volatile  matter,  and  the  moisture  from  adjacent  parts,  escape 
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together.  Owing  to  the  poor  conducting  power  of  the  coal  the  heat 
travels  but  slowly  to  the  interior  of  the  lumps,  so  that  for  a  considera- 
ble length  of  time  after  the  coal  has  been  charged  it  is  giving  off  mois- 
ture with  the  combustible  volatile  matter  and  thus  diminishing  the 
temperature  of  combustion.  "When  this  moisture  is  present  in  very 
large  amount  as  in  lignite  coals,  containing  from  12  to  20  per  cent,  its 
rapid  escape  induces  a  slacking  of  the  coal  which  gives  rise  to  serious 
loss  from  packing  on  the  grate  bars  and  the  sifting  of  fine  coal  through 
the  bars.  That  which  is  known  as  volatile  matter  is  set  free  and  es- 
capes in  the  gaseous  form  as  soon  as  decomposition  of  the  coal  is  ef- 
fected by  the  heat.  The  temperature  at  which  this  decomposition 
takes  place  varies  with  different  kinds  of  coal.  For  bituminous  coals 
it  generally  begins  at  about  250  degrees  F.  but  of  course  is  very  slow 
at  such  a  low  temperature.  The  rate,  also,  at  which  the  volatile  mat- 
ter is  given  off  at  any  definite  high  temperature  varies  somewhat  with 
different  coals  as  may  be  seen  when  treating  coals  in  gas  retorts. 

The  composition  of  the  volatile  matter  is  very  complex  but  it  con- 
sists essentially  of  combined  water  and  the  hydrocarbons.  The  com- 
bined water  is  produced  by  the  oxygen,  which  forms  parts  of  the  chemi- 
cal combination  of  the  organic  matter  of  the  coal,  passing  off  with 
one-eighth  of  its  weight  of  the  hydrogen  present.  This,  as  before 
stated,  does  not  represent  oxidation  performed  during  the  combustion 
but  simply  elimination  of  the  two,  in  these  proportions,  from  the 
original  organic  compound.  Heat  is  absorbed  in  this  elimination  and 
a  further  quantity  of  heat  is  sacrificed  to  raise  this  vaporized  water  as 
well  as  the  moisture  of  the  coal  to  the  temperature  of  the  furnace. 

The  term  hydrocarbon  is  applied  to  the  complicated  series  of  organic 
compounds  set  free  during  decomposition.  For  present  purposes  these 
maybe  divided  into  three  series  Avhich  are  clearly  to  be  recognized 
while  decomposition  is  in  progress,  whether  brought  about  in  closed 
retort  or  open  fire  place.  These  are:  the  light  hydrocarbon  or  marsh 
gas  series  (CH4)  with  three  parts  of  carbon  by  weight  to  one  of  hydro- 
gen; the  heavy  hydrocarbon  or  olefiant  series  (C2H4)  with  six  parts  of 
carbon  to  one  of  hydrogen;  and  the  asphalt  or  bitumen  series  which  is 
too  complicated  to  receive  any  definite  formula  but  which  contains 
still  more  carbon  in  proportion  than  in  the  olefiant  series  and  also 
more  or  less  oxygen.  The  marsh  gas  and  olefiant  series  are  gaseous 
forms  of  hydrocarbon,  and  the  asphalt  or  bitumen  the  solid  form 
which  is  more  or  less  easily  melted  as  the  proportion  of  hydrogen  is 
greater  or  less. 

Although  called  bituminous  this  class  of  coals  contains  no  bitu- 
men. When  decomposition  takes  place,  however,  under  heat,  com- 
pounds of  the  bituminous  or  asphaltic  series  are  formed.  The  com- 
bined oxygen  and  one-eighth  of  its  weight  of  hydrogen  are  set  free  as 
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the  combined  water  while  the  remaining  or  available  hydrogen  in  com- 
bination with  more  or  less  carbon  forms  the  hydrocarbon  series. 

The  light  and  the  heavy  gaseous  hydrocarbons  volatilize  in  vary- 
ing proportions  according  to  the  composition  of  the  coal.  The  light 
hydrocarbon  burns  with  a  pale  non-luminous  flame  and  with  a  maxi- 
mum effect  of  23,500  heat  units.  Dissociation  or  separation  of  the 
hydrogen  and  carbon  from  combination  with  each  other  does  not  read- 
ily take  place  in  this  hydrocarbon  and  the  products  of  its  complete 
combustion  are  carbonic  acid  (C02)  and  water  (H20).* 

The  heavy  hydrocarbon  is  easily  affected  by  heat  and  dissociation 
occurs  at  a  red  heat  resulting  in  half  of  the  carbon  being  set  free 
leaving  the  gas  as  light  hydrocarbon  (C2H4=C  +  CH4).  It  is  this  separ- 
ated carbon  in  an  incandescent  state  which  in  the  main  causes  the  lum- 
inosity of  the  flame  when  the  heavy  hydrocarbon  is  burned  and  it  is 
this  same  separated  carbon  which  makes  the  visible  smoke  when  bitu- 
minous coal  is  burned.  For  the  rapid  combustion  of  this  separated 
carbon  not  onty  is  a  strong  oxidizing  action  necessary  but  a  very  high 
temperature  as  well,  probably  not  less  than  2,000  degrees  F.  If  this 
high  temperature  is  not  supplied  in  the  fire  place,  where  the  gases 
are  generated  and  the  carbon  separated,  the  latter  will  be  carried  along 
by  the  rapid  draught  and  pass  out  unchanged  as  visible  smoke. 

The  conditions  which  ordinarily  prevail  when  this  carbon  is  separ- 
ated are,  it  must  be  seen,  quite  unfavorable  for  its  combustion.  The 
coal  is  thrown  into  the  fire  place  in  cold  lumps  and  generally  in  excess- 
ive quantities  thereby  interposing  a  comparative^  cold  and  poor  con- 
ducting layer  between  the  glowing  coals  below  and  the  gases  rising 
from  the  fresh  coal.  Moreover  while  these  hydrocarbon  gases  are  be- 
ing set  free  the  moisture  and  the  combined  water,  together  amounting 
to  from  10  to  20  per  cent,  of  the  whole  weight  of  the  coal,  are  passing 
off  and  absorbing  a  large  quantity  of  the  heat  produced.  The  high  tem- 
perature required  for  the  combustion  of  the  separating  carbon  is  there- 
fore under  these  usual  conditions  impossible  to  attain.  The  quantity 
of  air,  too,  which  should  at  this  stage  of  the  operation  be  higher  than 
at  any  other  is  either  very  much  less,  owing  to  the  thicker  bed  of  fuel 
on  the  grate,  or  if  introduced  above  the  grate,  most  commonly  enters 
directly  through  the  firing  door  and  is  of  low  temperature.  The  heat, 
alread3T  comparatively  low,  is  further  reduced  by  this  great  volume  of 
cold  air,  which  having  but  little  opportunity  to  mix  with  the  gases, 
performs  but  imperfectly  the  duty  for  which  it  is  admitted.      Cold  air 

*Tke  term  '-Heat  Unit"— H.  U.  also  called  "British  Thermal  Unit"— 
B.  T.  U.  is  the  quantity  of  heat  required  to  raise  the  temperature  of  one 
pound  of  water  one  degree  Fahrenheit.  To  evaporate  one  pound  of  water 
of  a  temperature  of  212  degrees  F.  into  steam  of  the  same  temperature  re- 
quires nearly  96(5  H.  U. 
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and  heated  gases  do  not  readily  mix  and  the  combustion  of  gases  un- 
der such  conditions  is  very  imperfect.  It  is  not  surprising  that  under 
such  conditions  as  these,  much  of  the  combustible  gas  reaches  the 
chimney  unburned  and  it  i§  much  less  to  be  expected  that  any  of  the 
separated  carbon  should  be  consumed- 

Bitumen  may  be  developed  to  such  an  extent  during  the  combus-' 
tion  of  some  kinds  of  bituminous  coals  as  to  exude  from  the  lumps, 
causing  them  to  stick  together  and,  as  the  heavy  gaseous  hydrocarbons 
are  gradually  distilled  from  this  tarry  asphalt  a  pitch  coke  remains 
firmly  cementing  the  lumps  and  small  fragments  of  coal  into  one  large 
cake.  This  property  of  the  "caking  coals"  adds  to  the  evils  already 
described.  The  grate  becomes  quickly  clogged  so  that  but  little  air 
can  pass  through,  necessitating  the  frequent  opening  of  the  firing  door 
and  the  use  of  a  bar  to  break  up  the  caked  mass.  Excessive  quanti- 
ties of  cold  air  rush  in  and  the  cloud  of  smoke  from  the  chimney  top 
appears,  if  possible,  more  dense  than  before. 

The  coloring  capacity  of  finely  divided  separated  carbon  is  remark- 
ably great,  especially  in  the  case  of  coals,  which  like  most  of  our 
western  coals,  yield  in  combustion  large  amounts  of  vapor  of  water 
from  the  high  percentages  of  moisture  contained  and  of  combined  wa- 
ter developed  in  combustion.  That  this  carbon  even  from  dense 
smoke  represents  but  a  small  percentage  of  the  weig'ht  of  the  coal  may 
be  shown  by  chemical  examination.  More  direct  proof  has  been  fur- 
nished by  the  experiment  of  Mr.  J.  C.  Hoadley,  C.  E.,  who  passed 
through  water  all  the  gases  from  the  flue  of  a  boiler  fired  with  bitu- 
minous coal  producing  a  very  black  smoke,  carefully  collecting  all  the 
solid  matter,  drying  and  weighing.  The  amount  of  coal  burned  was 
12890  lbs.,  or  about  6^  tons,  every  pound  of  which  generated  25.23  lbs., 
of  gases.  The  total  weight  of  these  gases  was,  therefore,  325215  lbs., 
or  by  volume  4263119  cubic  feet.  The  whole  quantity  of  solid  mat- 
ter contained  in  this  bulk«of  smoke  gases  was  42.63  lbs.,  or  one-third 
of  one  per  cent.  No  analysis  was  made  of  the  solid  residuum  collected 
but  its  gray  color  indicated  that  not  more  than  half  of  it  was  carbon. 
From  this  it  appears  that  the  separated  carbon,  which  made  the  smoke 
visible  as  a  dense  black  cloud,  represented  only  about  one-sixth  of  one 
per  cent,  of  the  weight  of  the  coal  used. 

When  coal  is  heated  in  a  closed  vessel  or  retort  the  moisture,  com- 
bined water  and  hydrocarbons,  being  volatile,  are  driven  off,  but  al- 
though heated  to  an  intense  white  heat,  if  no  air  is  admitted,  there 
will  remain  the  greater  part  of  the  total  carbon.  This  part  of  the  car- 
bon is  consequently  designated  "fixed  carbon"  and  with  the  mineral 
matter  of  the  coal  constitutes  what  is  called  "coke".  A  similar  reac- 
tion takes  place  in  the  process  of  combustion  in  a  fire  place,  except 
that  air  being  admitted,  more   or  less  of  the  fixed  carbon  is  oxidized 


298  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

and  passes  off  with  the  volatile  matter  in  the  gaseous  form  as  carbon 
monoxide  (CO)  if  one  part  of  oxygen  is  taken  up  to  one  of  carbon,  and 
as  carbon  dioxide  (C02)  if  two  parts  of  oxygen  are  taken  up  and  the 
oxidation  is  thus  complete.  Lumps  of  coal  may  show,  therefore,  an 
exterior  covering  of  coke,  constantly  increasing  in  thickness,  in  which 
the  fixed  carbon  is  burning  with  characteristic  glow,  while  from  the 
cracks  and  openings  streams  of  the  volatile  gases  are  issuing  giving  a 
luminous  flame  terminating  in  streamers  of  smoke  due  to  separated 
carbon. 

With  the  ordinary  arrangements  for  admitting  air  to  a  fire  place 
the  conditions  just  described  would  add  somewhat  to  the  difficulties  of 
securing  complete  combustion.  The  carbon  dioxide  gas  (C02),  result- 
ing from  the  combustion  of  the  fixed  carbon  surrounding  the  lumps, 
would  rise  and  tend  to  envelope  the  hydrocarbon  gases,  escaping  from 
the  interior,  thus  preventing  sufficient  access  of  air.  Not  only  this, 
but  the  presence  of  carbon  dioxide  gas  requires  that  more  air  be  sup- 
plied to  burn  a  given  quantity  of  combustible  than  would  otherwise  be 
necessary. 

The  bed  of  coke,  which  in  time  results  after  the  elimination  of  the 
volatile  matter',  gives  up  its  fixed  carbon  to  complete  combustion  by 
means  of  two  reactions.  The  air  admitted  at  the  grate  gives  up  its 
oxygen,  carbon  dioxide  gas  (C02)  is  formed  in  the  lower  layers  of  coke 
and  this  is  more  or  less  decomposed  according  to  the  thickness  of  the 
bed,  into  carbon  monoxide  (C02  +  C  =  2CO).  This  carbon  monoxide, 
meeting  air  admitted  above  the  fuel  bed,  is  burned  again  to  carbon 
dioxide  (CO  +  O  =  C02).  In  practice  these  reactions  are  but  imper- 
fectly carried  out.  No  matter  how  thin  the  layer  of  fuel  on  the  grate, 
provided  the  latter  is  completely  covered,  more  or  less  carbon  mon- 
oxide (CO)  will  be  found  to  have  passed  above  the  bed.  This  is  due  to 
the  fact  that  some  of  the  carbon  dioxide  (C02)  formed  at  first  is  almost 
immediately  reduced  by  contact  with  glowing  carbon  althoug'h  there 
may  be  on  the  whole  a  large  excess  of  air.  The  proportion  of  carbon 
monoxide  (CO)  increases  and  that  of  unconsumed  air  decreases  with 
the  thickness  and  compactness  of  the  bed. 

The  reduction  of  carbon  monoxide  (CO)  is  accompanied  with  a  nota- 
able  absorption  of  heat.  "With  each  unit  of  carbon  monoxide  (CO)  so 
reduced  4325  units  of  heat  are  absorbed,  or  the  carbon  dioxide  (C02) 
generated  by  each  unit  of  carbon  if  all  reduced  to  carbon  monoxide 
(CO),  will  cause  the  loss  of  10093  out  of  14544  units  of  heat.  If  this 
heat  is  not  recovered  by  the  burning  of  the  carbon  monoxide  (CO)  back 
again  to  carbon  dioxide  (C02)  above  the  fuel  bed  it  is  evident  that  less 
than  one-third  of  the  heat  available  will  be  utilized. 

In  review  of  the  facts  presented  it  will  be  seen  that  for  the  com- 
plete combustion  of  bituminous  coal  including  the  separated  carbon 
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which  forms  the  visible  smoke,  it  is  necessary  that  a  very  high  tem- 
perature be  constantly  maintained  in  the  fire  place  and  that  the  air 
introduced  for  the  combustion  of  the  gases  and  free  carbon  above  the 
fuel  bed  be  in  sufficient  quantity,  heated,  and  intimately  mixed  with 
the  gases.  It  will  also  appear  that  the  fire  place  ordinarily  employed 
and  especially  when  the  fire  is  worked  by  the  method  so  commonly 
practiced,  the  conditions  just  mentioned  are  rarely  attained. 

III.      The  Fuels  Used  in  St.  Louis   and  Their  Relations  to  the 

Smoke  Problem. 

The  fuels  employed  for  various  purposes  in  St.  Louis  and  approxi- 
mate estimates  of  their  consumption  in  1891  are  as  follows: 

A.  Illinois  Bituminous  Coal, 2142126  tons. 

Pittsburgh  Bituminous  Coal, 56000     " 

B.  Anthracite, ....60000     " 

C.  Coke,  Gas  House* 36000     " 

Other  Coke  Received  part  of  which 

shipped  beyond.  Balance  used  in 
Smelting  Furnaces,  Foundry,  Cu- 
polas, etc., 165000     " 

D.  Gas, 50000000  cu.  ft. 

E.  Oil. 

A.  Bituminous  coal  is  used  to  a  far  greater  extent  than  any  other 
fuel,  because  of  its  comparative  cheapness.  The  greater  part  of  the 
State  of  Illinois  is  underlaid  by  workable  seams  of  this  coal  and  the 
coal  producing  area  reaches  within  about  eight  miles  of  St.  Louis. 
These  coal  seams  lie  comparatively  near  the  surface,  are  quite  undis- 
turbed while  the  overlying  rocks  make  a  good  roof  to  work  under  and 
contain  usually  but  little  water.  Mining  can  therefore  be  carried  on 
at  a  low  cost  and  owing  to  the  open  and  generally  level  surface  which 
characterizes  Illinois,  railroads  are  readily  constructed  and  many  of 
these  traverse  the  coal  regions  and  center  here;  all  of  which  conditions 
favor  competition  in  the  production  of  coal  and  in  its  transportation 
to  this  market. 

It  will  be  sufficient  for  the  present  discussion  to  classify  the  bitu- 
minous coal  from  the  area  referred  to  as  common  Illinois  coal,  and 
coal  from  special  districts,  such  as  the  Big:  Muddy,  and  other  districts. 
The  common  Illinois  coal  comes  for  the  most  part  from  mines  nearer 
the  city.       It  is  supplied  at  lower  cost  and  is  at  the  same  time  of  infe- 

*The  gas  house  coke  here  mentioned  being  a  product  of  the  Pittsburg 
coal  is  necessarily  contained  in  same;  it  represents  very  nearly  the 
amount  of  fuel  available  for  general  use  in  the  quantity  of  Pittsburg  coal 
in  the  table  of  coal  receipts.  The  balance  being  gas  made  out  of  same, 
tar  and  other  by-products,  and  the  losses  in  the  processes  of  manufacture. 
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rior  quality,  being-  characterized  by  large  percentages  of  moisture,  ash 
and  sulphur,  comparatively  low  fixed  carbon  and  large  proportion 
of  volatile  matter,  which  latter,  also,  contains  much  combined  water. 
The  heating  power  is,  therefore,  not  hig'h,  usually  about  10,000  heat 
units  by  calorimeter  test,  or  a  theoretical  evaporating  power  from  and 
at  212  degrees  F. ,  of  about  10+  lbs.  of  water.  The  large  amounts  of 
moisture  and  combined  water  «o  be  vaporized  and  heated  to  the  tem- 
perature of  the  fire  place  cause  a  great  absorption  of  heat  and  the 
large  addition  of  waste  gases  from  these  sources  leads  to  increased 
losses  of  heat  carried  off  by  the  chimney  gases.  The  tendency  to  coke 
somewhat  during  combustion  makes  it  necessary  to  open  the  firing 
door  often  to  loosen  the  bed  of  coal,  while  the  large  proportion  of  iron 
pyrites  present  readily  causes  the  formation  of  hard  clinker  calling  for 
frequent  cleaning  of  the  fire.  For  these  reasons  it  will  readily  be 
understood  that  the  efficiency,  that  is,  the  percentage  of  the  theoreti- 
cal evaporating  power  utilized  in  practice,  is  not  large.  It  is  not  too 
much  to  say  that  in  the  average  boiler  practice  of  this  city  the  effici- 
ency is  considerably  less  than  fifty  per  cent.  This  low  efficiency  is 
largely  due  to  inferior  boiler  plants  and  reckless  firing,  but  to  the 
quality  of  the  coal,  outlined  above,  much  is  still  chargeable.  All 
these  causes  of  low  efficiency  are  very  favorable  to  the  development 
of  smoky  chimneys,  as  has  been  already  explained,  and  the  common 
Illinois  coal  may  be  regarded  as  the  chief  source  of  smoke  in  our  city. 

Between  the  class  of  coal  just  described  and  the  best  type  from 
Illinois,  the  Big  Muddj',  there  are  many  grades  and  in  so  far  as  they 
have  less  of  the  objectionable  and  more  of  the  favorable  features,  giv- 
en above,  the  theoretical  evaporating  power  is  higher  and  the  efficien- 
cy under  similar  conditions  improved.  The  Big  Muddy  is  a  strong  non- 
caking  coal,  rich  in  fixed  carbon  and  comparatively  low  in  moisture, 
ash  and  iron  pyrites;  the  volatile  matter  contains  but  a  moderate 
amount  of  combined  water  and  is  rich  in  gaseous  hydrocarbons  while 
but  little  of  the  asphaltic  series  is  developod  in  combustion.  The 
calorific  value  of  this  coal  is  about  12,000  heat  units  with  a  theoreti- 
cal evaporation  of  about  12  >£  lbs.  of  water  and  at  212  degrees  F.  and 
the  efficiency  in  good  boiler  plants  should  be  65%.  It  burns  with  a 
strong  flame  and  although  when  carelessly  fired  or  crowded  into  the 
tire  place  it  yields  richly  in  smoke,  its  characteristics  are  such  that  it 
can  be  made  to  show  with  proper  handling  as  good  a  smoke  record  as- 
any  true  bituminous  coal. 

A  small  amount  of  block  coal  comes  to  this  city  from  Indiana, 
This  has  the  same  general  characteristics  as  the  Big  Muddy  coal  but 
in  a  somewhat  higher  degree  and  is  a  favorable  coal  for  yielding  a 
good  record  if  handled  with  care  and  skill. 

B.     Anthracite  or,  as  it  is  sometimes  called   "hard  coal"  is  too 
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high  priced  in  this  market  on  account  of  the  long  haul  from  Eastern 
Pennsylvania,  to  be  used  for  ordinary  industrial  purposes  like  boiler 
firing.  Its  main  application  is  in  heating  furnaces,  ranges,  base  burner 
stoves  and  to  some  extent  in  grates  in  domestic  establishments.  Ow- 
ing to  the  fact  that  anthracite  is  mainly  composed  of  fixed  carbon  with 
but  an  insignificant  amount  of  volatile  matter  and  that  yielding  no 
heavy  hydrocarbons  from  which  sooty  carbon  can  be  set  free,  it  burns 
with  but  little  flame  and  this  is  altogether  smokeless.  To  the  extent, 
therefore  that  this  class  of  coal  is  used  in  any  city  the  atmosphere 
will  be  free  from  smoke.  It  is  noticeable  in  New  York,  Boston  and 
other  eastern  cities  that  formerly,  when  but  little  other  fuel  than  an- 
thracite was  used,  the  atmosphere  was  clear  and  unobjectionable.  In 
these  days,  however,  with  improved  facilities  for  transporting  to  these 
cities  the  more  distant  bituminous  coals,  an  increasing'  proportion  of 
the  latter  is  used  and  complaints  of  the  growing  smoke  nuisance  are 
more  frequently  heard. 

C.  Coke  is  not  only  a  smokeless  but  an  almost  flameless  fuel  since 
it  is  the  residuum  obtained  by  distilling-  off  the  volatile  matter  from 
bituminous  coal.  It  is  used  to  some  extent  in  certain  industrial  opera- 
tions and  might  be  employed  to  advantage  for  domestic  purposes,  if 
it  was  sold  at  prices  properly  proportioned  to  its  fuel  value.  Gas 
house  coke  is  porous  and  bulky,  weighing  less  than  half  as  much  per 
bushel  (36  lbs.)  as  bituminous  coal  and  yet  it  is  sold  at  a  much  higher 
rate  (10-llcents)  per  bushel  than  coal.  For  these  reasons  it  cannot  be 
used  for  boiler  and  general  industrial  purposes  and  in  other  respects  it 
is  not  well  adapted. 

The  coke  brought  to  the  city  from  a  distance  (mainly  Pittsburg  and 
the  Connelsville  district  of  Pa.)  is  a  much  harder  and  more  compact 
coke  than  gas  house  coke.  It  is  made  in  ovens  constructed  for  the 
purpose  and  has  been  deprived  almost  entirely  of  the  volatile  matter 
so  that  it  consists  only  of  fixed  carbon  and  ash.  For  these  reasons  it  is 
less  readily  combustible  than  the  more  porous  and  bulky  as  well  as 
less  thoroughly  coked  gas  house  coke.  The  heating  power  is,  how- 
ever, much  higher  and  it  constitutes  an  admirable  fuel  for  smelting 
ores,  melting  metals  and  other  purposes  where  a  strong  concentrated 
heat  is  required.  This  coke,  costing  $1.90  per  ton  at  the  ovens,  is  de- 
livered here  at  a  freight  rate  of  $3.35  making  the  coke  cost  $5.25  per 
ton,  while  for  gas  house  coke  we  are  charged  in  St.  Louis  $5.00  per 
ton  at  the  works.  i 

The  neighboring  Illinois  coals  are  well  adapted  for  making  a  grade 
of  coke,  which,  while  inferior  to  the  Connelsville  coke,  for  smelting 
iron  ores,  would  be  excellent  for  smelting  lead  ores  and  for  many  in- 
dustrial purposes  as  well  as  for  special  steam  use  as  in  locomotives. 

With  modern  systems  of  coal  washing  on  a  large   scale  the  coal 
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could  be  made  very  clean  for  a  few  cents  per  ton  while  special  coking 
plants  with  provision  for  saving-  and  marketing  the  tar  and  ammonia 
liquor  should  supply  a  satisfactory  grade  of  coke  superior  to  gas  house 
coke  and  for  a  price  which  should  not  exceed  $2.00  per  ton.* 
D.     Gas  considered  as  a  fuel  includes: 

Natural  Gas. 

Retort  or  Coal  Gas. 

Water  Gas — Uncarburetted  and  Carburetted. 

Producer  Gas. 
Natural  gas  is  that  obtained  from  gas  springs  or  by  boring  into  the 
rock  strata.  The  conditions  for  supplying  useful  quantities  of  this  gas 
are  not  present  in  this  locality  so  that  it  is  not  available  in  the  solu- 
tion of  the  smoke  question  for  St.  Louis,  as  it  has  been  temporarily  in 
Pittsburgh  and  other  cities. 

Retort  or  Coal  Gas  is  that  ordinarily  produced  in  gas  works  for 
illuminating-  purposes.  It  has  a  very  high  heating  power  and  is  used 
to  some  extent  in  domestic  establishments  in  this  city  for  cooking  and 
heating,  also  for  a  small  number  of  gas  engines. 

The  above  remarks  apply  also  to  water  gas  which  is  manufactured 
to  some  extent  in  St.  Louis  bvit  used  only  as  a  fuel  gas.  In  its  uncar- 
buretted state  it  is  much,  and  in  its  carburetted,  quite,  inferior  to  coal 
gas  in  heating  hower. 

Producer  gas  is  of  far  less  heating  value  than  the  other  gases  men- 
tioned and  is  applicable  to  certain  industrial  operations  where  the  con- 
ditions require  and  warrant  the  use  of  a  special  fuel  clear  of  all 
impurities  and  readily  controlled. 

None  of  these  gases  can  be  used  to  advantage  for  firing  boilers  since 
their  cost  for  evaporating  a  given  weight  of  water  is  much  greater 
than  when  using  coal  by  direct  firing.  This  is  contrary  to  public  belief 
but  it  is  none  the  less  a  fact  and  easily  susceptible  of  proof  as  will  be 
•^eeu  later  in  this  report.  Coal  gas  and  water  gas  or  possibly  some 
form  of  producer  gas  will  doubtless  be  used  in  increasing  quantities  in 
domestic  establishments  as  the  public  learn  how  to  use  if  properly  and 
the  gas  companies  learn  how  to  economize  in  methods  of  manufact- 
ure and  distribution  and  to  be  satisfied  with  smaller  profits.  The  con- 
venience, cleanliness  and  efficiency  of  gas,  when  properly  used,  for 
domestic  purposes  constitute  advantages  which  more  than  counter- 
balance the  real  or  fancied  increased  expense  over  coal  directty  applied. 
The  comparatively  small  consumption  and  iraermittent  character  of 

*Some  years  ago  an  experiment  was  made  in  a  large  scale  to  show  the 
fuel  value  of  washed  slack.  The  quantity  tried  was  upwards  of  60  tons. 
It  was  from  a  pile  of  Belleville  slack  which  had  lain  in  the  open  air  for 
years.  After  washing,  by  which  the  slates,  iron  pyrites,  and  fireclay  were 
removed,  its  fuel  value  was  somewhat  higher  than  JBig  Muddy  coal. 
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most  of  the  fuel  requirements  in  households  are  especially  favorable 
to  the  application  of  gas. 

E.  Oil  is  used  to  a  limited  extent  in  a  few  works  for  the  heating 
of  iron  and  steel  where  a  clean,  easily  controlled  heat  is  required. 

IV.    The  Various  Classes  of  Fuel  Users  and  their  Relation  to 
the  Smoke  Problem. 

The  smoke  nuisance  in  any  large  city  like  St.  Louis  may  be  traced 
to  four  general  classes  of  fuel  users:  domestic  fires,  industrial  fur- 
naces, locomotives  and  boiler  plants. 

Under  the  head  of  domestic  fires  may  be  included  open  grates, 
stoves,  furnaces  and  ranges  for  heating  or  cooking,  whether  used  in 
private  houses,  hotels  or  public  institutions.  In  the  abatement  of  the 
smoke  nuisance  this  class  is  more  difficult  to  deal  with  than  any  other 
for  the  reason  that  small  quantities  of  fuel  are  burned  at  a  time,  in 
most  cases  slow  combustion  is  required  and  excessive  quantities  of  air 
are  necessarily  employed.  The  high  temperature,  therefore,  so  im- 
portant for  the  combustion  of  the  separated  carbon  which  causes  the 
smoke,  is  not  readily  attainable.  It  may  be  said  also  that  this  class  of 
fires  is  very  commonly  in  charge  of  people  quite  ignorant  of  the  first 
principles  of  combustion  and  not  particularly  noted  for  their  appre- 
ciation of  the  advantage  derived  from  the  application  of  intelligent 
effort.  Any  material  improvement  in  the  use  of  bituminous  coal  with 
a  view  to  reducing  the  smoke  due  to  domestic  fires  is  not  to  be  ex- 
pected. The  only  complete  solution  of  the  problem  so  far  as  this  class 
of  smoke  producers  is  concerned  must  be  sought  in  the  use  of  smoke- 
less fuels  such  as  anthracite  coal,  coke  and  gas. 

The  main  objection,  on  the  part  of  the  public,  to  the  more  general 
adoption  of  these  fuels  in  domestic  establishments  is  doubtless  the 
question  of  cost.  It  is  probable,  however,  that  an  exaggerated  view  is 
taken  of  this  objection  and  that  the  time  is  not  far  distant  when  the 
general  use  of  bituminous  coal,  as  at  present,  in  our  households  will 
hardly  be  justified  even  on  the  score  of  economy.  Anthracite  coal  has 
for  some  years  sold  in  St.  Louis  for  a  price  about  three  times  that  of 
the  bituminous  coal  employed  in  domestic  establishments  but  it  is  not 
improbable  that  the  relation  of  prices  will  in  the  not  distant  future  be 
somewhat  more  favorable  to  the  anthracite,  owing  to  reduced  rates  of 
freight,  improved  methods  of  handling  and  storage  on  the  part  of  coal 
and  railroad  companies  and  of  combining  to  purchase  in  wholesale 
quantities  on  the  part  of  consumers.  The  concentrated  character  of 
anthracite,  its  high  heating  powers  and  the  far  higher  efficiency  with 
which  it  can  be  applied,  as  compared  with  bituminous  coal,  for  such 
service  as  heating  furnaces,  base  burner  stoves  and  even  cooking 
stoves  and  ranges  where   heavy  duty  and  long  hours  are   required, 
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enable  the  careful  consumer  to  realize  results,  in  the  way  of  improved 
service,  economy  in  consumption  and  saving  in  labor  and  repairs,  which 
will  be  found  to  neutralize  almost  entirely  even  the  present  large  dif- 
ference in  price  per  ton.  Already  the  use  of  anthracite  prevails  to  a 
large  and  increasing  extent  in  the  establishments  of  those  having 
abundant  means,  while  the  great  variety  of  base  burner  stoves  of  simple 
design  and  comparatively  low  cost  of  recent  development  has  led  to 
the  extensive  use  of  this  excellent  fuel  in  the  homes  of  those  even  in 
very  moderate  circumstances. 

For  the  ordinary  operations  of  cooking,  coke  is  admirably  adapted, 
being  almost  without  flame  and  furnishing  a  strong  glowing  heat.  Its 
efficiency  in  cooking  operations  is  notably  higher  than  that  of  bitumi- 
nous coal  as  commonly  used.  It  is  a  common  practice  with  cooks  after 
charging  the  stove  and  range  with  bituminous  coal  to  reduce  the  latter 
to  a  glowing  bed  of  coke  before  making  much  if  any  use  of  the  value 
of  the  fuel.  With  a  large  production  of  coke  by  gas  and  coke  com- 
panies, more  attention  paid  to  quality  and  size,  and  with  prices  more 
nearly  related  to  fuel  value,  the  economical  application  of  coke  to  or- 
dinary cooking  operations  would  compare  very  favorably  with  that  of 
bituminous  coal,  and  coke  would  doubtless  soon  become  a  favorite  fuel 
in  many  households. 

A  notable  beginning  has  already  been  made  in  the  application  of 
coal  gas  and  water  gas  to  household  cooking  and  heating.  As  stated 
above,  gas  has  special  advantages  for  the  comparatively  short  and  in- 
termittent service  characteristic  of  many  of  the  heat  requirements  of 
the  household.  These  advantages  are  such  that  even  at  the  compar- 
atively high  prices  at  present  prevailing  the  economy  may  with  good 
management  be  placed  on  the  side  of  gas  as  against  bituminous 
coal. 

There  were  in  use  in  this  city  for  domestic  service  in  the  past  two 
years,  the  following: 

No.  of  House  Connections  for  1890.  1891. 

gas  stove  use.  1560.  2385. 

One  great  difficulty  in  the  use  of  gas  is  the  ignorance  prevailing- con- 
cerning its  use.  The  common  practice  at  present  seems  to  be  to  pur- 
chase the  gas  stove  at  a  hardware  establishment  and  notify  the  gas 
company  to  make  the  necessary  connection.  No  attempt  is  made,  ap- 
parently, by  the  Gas  Co.  to  instruct  the  customer  how  to  use  the  gas 
to  tlie  best  advantage*  nor  does  the  householder  seem  to  take  much  in- 
terest in  gaining  the  practical  knowledge  necessary  to  secure  the  most 

*When  Natural  Gas  first  came  into  general  use  in  boiler  furnaces  in 
.  Pittsburgh  dense  black  smoke  was  often  caused  by  its  imperfect  combustion, 
until  the  right  methods  and  quantities  of  air  admission,  fire  brick  checker 
work,  etc.,  were  found  by  practice. 
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economical  results.  Too  often  it  happens  that  to  obtain  more  heat 
from  a  burner  a  larger  quantity  of  gas  is  turned  on  when  already  the 
proportion  of  air  admitted  is  insufficient. 

With  increased  experience  in  the  use  of  anthracite,  coke  and  gas1, 
and  with  a  more  g'eneral  diffusion  of  right  information  concerning  the 
comforts  and  economies  of  living-,  ever  large  proportions  ©f  bituminous 
coal  will  be  replaced  by  these  smokeless  fuels  in  domestic  consump- 
tion and  thus  a  notable  contribution  will  be  made  toward  the  clearing 
of  our  atmosphere.  Fortunately,  however,  at  present  the  domestic 
class  of  smoke  producers  is  not  the  most  objectionable.  Though  the 
chimney  tops  from  which  their  contribution  is  made  are  the  most 
abundant  they  are  scattered  over  a  great  area  and  the  quantity  of 
smoke  supplied  by  each  is  comparatively  small  and  the  more  easily 
dissipated.  This  will  be  evident  to  any  one  comparing  the  atmosphere 
as  regards  smoke,  on  Sunday  with  that  on  week  days. 

Industrial  furnaces  may  be  considered  as  those  used  in  the  various 
processes  employed  in  metallurgical  and  manufacturing  establish- 
ments. The  operations  performed  in  these  furnaces  are  frequently  not 
alone  dependent  upon  the  generation  of  heat  but  upon  special  reactions 
which  cannot  easily  be  interfered  with.  Except  in  special  cases  they 
cannot  be  regarded  as  very  objectionable  smoke  producers  and  1  he 
committee  do  not  consider  them  of  such  importance  in  this  connection 
as  to  call  for  immediate  investigation  and  action. 

Locomotives  add  very  largely  to  the  pollution  of  the  almosphere 
in  this  city  because  of  their  concentration  in  a  few  localities  which  are 
so  disposed  as  to  produce  great  volumes  of  smoke  unde>'  certain 
meteorological  conditions  likely  to  intensify  the  effect.  While  in  most 
of  the  important  traffic  centers  the  railroads  arrive  from  many  directions 
and  operate  in  many  parts  of  the  city,  in  St.  Lonis  there  are  only  four 
localities  where  locomotives  are  very  actively  engaged:  1  he  oJd  Mill 
Creek  Valley,  East  St.  Louis,  the  northeastern  and  southeastei  n  parts 
of  the  City.  In  these  places  the  switch  engines,  which  are  particularly 
offensive,  are  continually  busy,  while  train  engines  at  certain  times  of 
the  day  are  also  present  in  great  numbers.  When  the  wind  is  to  any 
marked  extent  from  the  west  but  little  if  any  annoyance  is  experienced 
from  the  smoke  of  locomotives,  mainly  because  of  their  easterly  loca- 
tion with  reference  to  the  city,  but  to  some  extent  also  on  account  of 
the  dryness  and  buoyancy  of  our  westerly  winds.  An  easterly  wind 
on  the  other  hand  drives  the  smoke  from  these  locomotive  districts 
over  the  greater  part  of  the  City  and,  being  usually  laden  with  con- 
siderable moisture,  favors  the  development  of  visible  smoke  and  vapor 
as  well  as  a  tendency  to  hang  heavily  in  the  lower  atmosphere. 

The  remedy  for  this  class  of  smoke  producers  must  be  sought  in 
the  use  of  a  smokeless  fuel  like  coke,  especially  for  the  switch  engines. 
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The  neighboring  Illinois  coals  can  easily  be  made  to  furnish  a  satis- 
factory coke  for  such  purposes  and  at  comparatively  low  cost,  if  such 
a  market  were  established  for  the  coke  and  the  ovens  were  arranged 
for  utilizing  the  by-products,  tar  and  ammonia  liquor. 

The  great  offenders  as  smoke  producers  in  this,  as  in  every  large 
city  where  the  smoke  nuisance  prevails,  are  the  boiler  plants  which 
continuously*send  forth  volumes  of  black  smoke  from  their  tall  chim- 
ney tops  so  that  reasonable  dilution  is  unattainable.  The  quantity  of 
bituminous  coal  used,  in  the  production  of  steam,  forms  a  very  import- 
ant part  of  the  total  coal  consumption  in  this  City  and  any  marked 
success  in  the  abatement  of  the  smoke  from  this  class  of  fuel  users 
must  furnish  the  key  to  the  practical  solution  of  the  smoke  problem. 

In  dealing  with  this  class  of  smoke  producers  it  must  be  clearly 
understood  at  the  outset  that  in  St.  Louis  no  assistance  can  be  ex- 
pected from  the  substitution  of  any  of  the  smokeless  fuels  for  bitumi- 
nous coal.  Anthracite  coal,  coke  and  gas  are  all  out  of  reach  in  the 
matter  of  cost  when  compared  with  our  bituminous  coal  for  allsuch 
operations  as  steam  raising  where  fuel  economy  is  of  paramount  im- 
portance. Bituminous  coal  can  be  obtained  for  boiler  purposes  at  a 
cost  of  $1.25  per  ton  while  anthracite  is  not  likely,  within  any  reasonable 
time  to  reach  so  low  a  figure  as  $5.00  per  ton.  Keeping  these  figures  in 
mind  and  comparing  the  heat  values  and  efficiencies  of  these  fuels  we 
have  the  following  convincing;  exhibit: 


Heating  Power, 
Theoretical  Evaporation  (lbs. 

water  per  lb.  of  coal.) 
Efficiency,        - 
Evaporation  in  Practice, 

Two  tons  of  Common  Illinois  bituminous  coal  at  $1.25  per  ton  ($2.50) 
would  therefore  do  the  work  of  one  ton  of  anthracite  at  $5.00.  One 
hundred  per  cent,  greater  cost  for  fuel  than  is  necessary  to  do  the  work 
is  certainty  a  much  larger  contribution  to  the  solution  of  the  smoke 
problem  than  the  boiler  users  of  St.  Louis  are  likely  to  make. 

Coke  as  a  fuel  is  far  less  adapted  to  stationary  boiler  work  than 
anthracite  and  its  price  will  never  be  such  as  to  enable  it  to  compete 
with  bituminous  coal  for  this  class  of  duty  even  if  it  were  in  other  re- 
spects suitable. 

The  convenience  and  economy  attending  the  use  of  natural  gas  in  a 
number  of  localities  in  this  country  have  led  many  people  to  believe 
that  fuel  gas,  made  from  coal  at  large  central  stations,  and  distributed 
to  factories  and  works,  is  the  fuel  of  the  future  which  will  not  only 
clear  all  chimneys  but  reduce   all  fuel  bills  as  well.      While  it  is  un- 


Bit.  Coal. 

AXTHKACITE. 

(Common  Illixois.) 

9600  units. 

13000  units. 

10  lbs. 

13.5  lbs. 

50%. 

75%. 

5  lbs. 

10  lbs. 
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questionably  true  that  fuel  gas  is  especially  adapted  for  household  use 
and  will  play  an  important  part  in  the  future  for  such  use,  it  is  equally 
true  that  as  a  fuel  for  raising  steam  it  can  never  compete  in  the  matter 
of  economy  with  coal  directly  applied.  At  several  establishments 
where  gas  is  employed  for  certain  industrial  heat  requirements  at- 
tempts have  been  made  to  use  the  gas  under  boilers;  at  first  glowing 
reports  were  circulated  indicating  a  saving  over  coal  of  20%  and  even 
33+%-  A  little  experience  has  always  shown,  however,  not  only  that 
such  results  are  not  attained  but  that  the  cost  of  the  gaseous  fuel  is  so 
much  in  excess  of  coal  used  directly  as  to  make  it  necessary  to  return 
to  the  latter  system. 

The  following  simple  calculation  will  serve  to  show  the  uselessness 
of  all  attempts  to  convert  bituminous  coal  into  gas  and  distribute  it  to 
boiler  plants. 

The  average  quality  of  fuel  gas  made  from  a  trial  run  of  several 
car-loads  of  Illinois  coal  in  a  well  designed  fuel  gas  plant  showed  a 
calorific  value  of  243391  heat  units  per  1000  cu.  ft.  of  gas  or  10105594 
heat  units  per  ton  of  coal.  This  is  equivalent  to  5052.8  heat  units  per 
pound  of  coal,  whereas  by  direct  calorimeter  test  an  average  sample 
of  the  coal  gave  11172.6  heat  units,  or  an  efficiency  of  45.2  %. 

1  pound  of  the  coal  by  direct  application  showed  a  theoretical  evap- 
oration of  11.56  lbs.  water. 

The  gas  from  one  lb.  of  the  coal  showed  a  theoretical  evaporation 
of  5.23  pounds  water. 

48.17  pounds  of  the  coal  were  required  to  furnish  1000  feet  of  the 
gas. 

Taking  the  efficency  in  the  use  of  the  coal  direct  at  50  %, 
Taking  the  efficency  in  the  use  of  the  gas  direct  at  90  %, 
Taking  the  cost  of  the  coal  at  6  cents  per  bushel, 
Taking-  the  cost  of  the  gas  at  8  cents  per  1000  cu.  ft. , 
We  have  as  the  cost  of  evaporating  1000  lbs.  of  water  by  coal  di- 
rectly applied: 

bu/ioo  of  11.56=5.78  lbs.  water  to  be  evaporated  in  practice  by  1  lb. 
coal. 

100O/5.78=173  lbs.  coal  to  evaporate  1000  lbs.  of  water;  173  lbs.  coal  at 
6  cts.  per  bushel  =  13  cents,  and  as  the  cost  of  the  same  coal  converted 
into  gas  and  applied: 

9%oo  of  5.23=471  lbs.  of  water  to  be  evaporated  in  practice  by  gas 
from  one  pound  of  coal. 

1000 4.71=212.3  lbs. 'coal  required=4400  cu.  ft.  of  gas;  4400  cu.  ft.  of 
gas  at  8  cts.  per  1000=35.2  cents. 

It  will  be  observed  that  the  conditions  assumed  are  especially  fav- 


308  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

orable  to  the  gas,  the  cost  being  placed  at  the  remarkably  low  figure 
of  8  cts.  per  1000  cu.  ft.  which  is  about  the  actual  cost  of  manufacture 
and  distribution  upon  a  large  scale,  and  a  very  high  efficiency  is  tak- 
en. Notwithstanding  all  this  the  coal  used  directly  shows  an  advan- 
tage of  over  170  %. 

For  fuel  purposes  two  kinds  of  oil  are  used,  crude  petroleum,  usu- 
ally from  Lima,  O.,  and  residuum  after  distilling  off  the  lighter  oils. 

The  Lima  crude  petroleum  oil  comes  to  this  market  in  tank  cars 
holding  6000  gallons.  The  price  is  1.8  cents  per  gallon,  to  which  must 
be  added  $5.00  per  car  for  switching,  etc.  Even  under  favorable  con- 
ditions, therefore,  as  to  location  of  boiler  plant,  the  cost  of  this  oil  de- 
livered to  the  boiler  will  be  at  least  2  cents  per  gallon.  A  gallon  of 
this  oil  weighs  6.9  lbs.  The  theoretical  heat  value  of  this  oil  is  about 
20.000  heat  units,  equivalent  to  a  theoi'etical  evaporation  of  20.7  lbs. 
of  water.  Assuming  an  efficiency  of  80  %,  the  evaporation  in 
practice  would  be  16.56  lbs.  of  water  per  lb.  of  oil.  The  cost  of  evap- 
orating 1000  lbs.  of  water  would  therefore  be  17.54  cents.  With  a  bi- 
tuminous coal  giving  an  evaporation  in  practice  of  5  lbs.  of  water  per 
lb.  of  coal  and  costing  $1.25  per  ton  the  same  work  could  be  done  for 
12.5  cts.  a  difference  in  favor  of  the  coal  of  40.32  %.  It  will  be  obser- 
ved also  that  the  conditions  assumed  in  this  calculation  are  especial- 
ly favorable  to  the  oil.  t 

The  "fuel  oil"  or  "residuum"  weighs  about  7.3  lbs.  per  gallon  and 
has  a  calorific  power  of  16880  or  a  theoretical  evaporation  of  17.47  lbs. 
of  water  per  lb.  of  oil.  At  3  cents  a  gallon  and  under  the  conditions 
assumed  above  the  cost  of  evaporating  1000  lbs.  of  water  would  be 
29.28  cents  or  134  %  more  than  when  using  the  coal. 

It  is  evident,  therefore,  that  the  only  fuel  likely  to  be  used  to  any 
extent  for  boiler  work  in  and  about  St.  Louis  is  bituminous  coal,  and 
of  a  quality,  as  has  already  been  explained,  highly  conducive  to  the 
production  of  abundant  smoke  when  undergoing  combustion.  To  se- 
cure a  reasonable  abatement  of  smoke  under  these  conditions  is  the 
main  problem  requiring  solution,  and  there  are  special  difficulties  at- 
tending it.  In  the  vast  majority  of  boiler  plants  of  this  city,  the  boil- 
ers are  taxed,  if  not  continuously  at  least  an  important  part  of  the 
time,  much  beyond  their  capacity  to  furnish  the  steam  demanded  of 
them  when  consuming  the  limited  amount  of  coal  required  for  a  good 
smoke  record.  In  order  to  supply  the  additional  power,  therefore,  ex- 
cessive amounts  of  coal  must  be  burned  in  a  given  time  and  under  the 
ordinary  conditions  of  combustion,  dense  clouds  of  black  smoke  are 
sure  to  result.  In  those  cases  where  the  boiler  capacity  is  ample  and 
the  service  comparatively  light  and  uniform,  as  in  running  a  few  ele- 
vators, a  small  number  of  incandescent  lights  or  serving  a  steam  heat- 
ing system,  it  is  not  a  difficult  matter,  with  ordinary  care  in  firing,  to 
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preserve  a  reasonable  smoke  record,  The  real  problem  is  to  burn 
large  quantities  of  coal  with  comparatively  smokeless  combustion  in 
a  limited  space  with  sudden  and  enormous  changes  in  the  demand  which 
the  fireman  himself  is  unable  to  foresee  and  of  which  no  notice 
can  be  given  him.  Careful  tests  in  a  manufacturing  establishment 
have  shown  jumps  of  one  hundred  per  cent,  within  an  hour  in  the  de- 
mand for  steam  varying  from  a  little  under  the  normal  work  of  the 
boiler  to  eighty  per  cent,  above  it.  Such  sudden  and  excessive  demands 
must  be  met  by  the  stoker  with  his  energies  strained  to  a  point  where 
all  other  questions  or  considerations  must  give  way  before  his  supreme 
effort  to  hold  the  pointer  on  the  steam  gauge  up  to  the  necessary  pres- 
sure as  long  as  the  demands  continue.  It  is  impracticable  to  time  these 
suddenly  increased  demands  so  that  the  fireman  may  have  fifteen  min- 
utes warning.  Again,  the  character  of  the  materials  operated  upon 
may  change.  Machinery  will  become  deranged  and  worn,  neglect  at 
one  point  compels  increased  effort  at  another,  a  bad  lot  of  coal  comes 
in  or  the  fires  are  dirty  and  clogged;  the  draft  may  be  affected  by  a 
chang'e  in  the  direction  and  force  of  the  wind,  in  the  barometric  pres- 
sure or  in  the  temperature  of  the  air.  These  things  may  happen  singly 
or  they  may  accumulate,  but  the  work  must  go  on  and  the  fireman  is 
obliged  to  throw  in  coal  enough  to  keep  everything  moving;  for  in  the 
boiler  plant  the*  latent  energy  of  the  coal  is  transformed  into  mechani- 
cal power,  and  this  is  the  source  of  all  various  manifestations  of  force 
which  are  combined  and  utilized  in  the  many  processess  of  modern 
manufacture.  These  contingencies  constantly  arise  in  rolling  mills, 
flour  mills,  tobacco  works,  breweries,  distilleries,  electric  light  sta- 
tions, and  electric  power  stations,  etc.  To  burn  coal  to  the  best  ad- 
vantage under  all  these  varying  conditions,  where  the  boiler  plant  and 
the  hard  worked  stokers  are  called  upon  to  equalize  all  these  differ- 
ences, and  the  hand  on  the  steam  gauge  relentlessly  registers  the  fact, 
is  quite  a  different  problem  from  burning  a  limited  amount  of  coal 
steadily  during  a  given  time. 

It  may  be  urged  that  most  of  these  conditions  may  be  met  by  an 
increase  in  the  boiler  plant.  This  is  true  to  a  certain  extent  but  it  is 
often  not  possible  to  find  room  for  more  boilers.  In  many  instances 
it  would  be  necessary  to  take  down  needed  machinery  and  remove  it 
to  other  points.  The  relative  position  of  one  machine  to  another  is 
often  such  that  a  change  may  disturb  the  whole  process  of  manufac- 
ture. Additional  boiler  power  generally  calls  for  additional  chimney 
capacity  and  there  may  not  be  room  for  that.  It  is  in  rare  cases  that 
the  addition  of  even  fifteen  or  twenty  per  cent,  to  the  boiler  power  of 
an  establishment  can  be  accomplished  with  only  a  proportionate  ex- 
penditure. There  are  many  works  in  this  city  where  not  ten  square 
feet  of  room  can  be  found  for  an  increase  of  boiler  power. 
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V.  The  Conditions  Under  Which  fuel  is  Consumed  in  Boiler 
Plants  in  St.  Louis. 

The  difficulty  of  getting  accurate  and  reliable  information  from 
the  steam  users  of  this  city,  concerning  plant  and  practice,  has  been 
the  cause  of  serious  annoyance  and  hindrance  to  your  Committee, 
There  are  few  subjects  apparently  which  are  surrounded  with  so  much 
unnecessary  mystery  or  on  which  so  little  definite  and  accurate 
knowledge  is  obtainable.  Many  steam  users  go  on  from  year  to  year 
without  even  an  approximate  idea  of  the  amount  of  work  their  boiler 
plants  are  doing.  Most  of  them  know  their  annual  consumption  of 
fuel  and  can  tell  from  their  water  tax  receipts  the  total  amount  of 
water  used  in  their  works,  but  how  much  of  this  is  converted  into  and 
used  as  steam  is  seldom  estimated  with  any  approximation  to  the  real 
facts.  Steam  users  are  generally  content  with  some  arbitrary  classi- 
fication of  their  boilers  such  as  50  H.  P.,  100  H.  P.,  etc.  Such  classifi- 
cation is  usually  based  upon  an  empyrical  assumption  of  a  certain 
number  of  square  feet  of  heating  surface  for  a  horse  power.  There  is, 
however,  a  well  established  basis  of  computation,  recognized  among 
engineers,  which  fixes  a  horse  power  as  the  amount  of  steam  obtained 
from  the  evaporation  of  30  lbs.  of  water  per  hour.  Many  boilers 
classed  as  100  H.  P.,  run  at  only  75  to  90  H.  P.,  and  even  less,  while 
others  of  the  same  rating  are  pushed  to  130  and  150  lA.  P.  Thus  we 
have  a  variation  from  30  per  cent,  below  to  50  per  cent,  above  the  nor- 
mal capacity  of  the  boilers. 

In  most  cities  of  the  Mississippi  Valley,  the  boiler  practice  still 
bears  the  marks  of  having  originated  on  the  river.  On  steamboats  the 
necessity  of  the  situation  required  that  a  great  deal  of  work  should 
be  done  with  comparatively  light  and  therefore  small  boilers.  In  St. 
Louis  our  engine  practice  for  many  years  followed  that  of  the  river  in 
spite  of  entirely  different  conditions,  and  in  the  same  way  our  land 
boiler  practice  has  but  gradually  developed  on  its  own  legitimate  lines. 
We  find,  therefore,  that  as  a  rule  the  standard  horizontal  tubular  boil- 
ers are  pushed  to  a  much  higher  performance  both  in  quantity  and 
pressure  of  steam  than  is  usual  in  land  practice  east  of  the  Alleghenies, 
and  this  in  spite  of  the  fact  that  we  have  to  do  this  pushing  with  a 
fuel  far  inferior  to  that  used  in  the  East.  We  have,  therefore,  doubly 
increased  the  difficulty  so  far  as  smokeless  combustion  is  concerned. 
First,  we  have  a  coal  which  will  make  far  more  smoke  than  the  anthra- 
cite, semi  bituminous  or  even  the  bituminous  coals,  of  the  large  manu- 
facturing districts  on  the  eastern  slope,  and,  then  while  we  have  to  use 
25%  to  50%  more  of  it  to  get  the  same  effect,  we  have  been  adding 
40%  or  50%  to  the  work  to  be  done  by  the  same  boiler,  and  hence  in 
the  same  limit  of  space. 

In  attempting  to  get  some  reasonably  approximate  estimate  of  the 
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average  conditions  and  work  of  the  boilers  in  this  city  the  Committee 
with  the  sanction  and  assistance  of  the  Mayor,  addressed  to  all  steam 
users  a  circular  (a  copy  of  which  is  presented  herewith,  see  Appendix 
I.) asking  eight  plain,  practical  questions.  These  circulars,  to  the  num- 
ber of  over  eleven  hundred,  were  sent  out  by  the  City  Boiler  Inspect- 
or, with  the  request  that  they  be  returned  with  as  clear  and  accurate 
answers  to  the  questions  as  possible.  Only  seventy-eight,  less  then  7 
per  cent,  were  returned  with  any  attempt  to  answer  the  questions  and 
not  one  of  these  could  be  regarded  as  a  satisfactory  statement  of  the 
information  asked  for. 

There  were  78  reports  made  in  all.  As  some  especially  requested 
their  names  to  be  withheld,  we  thought  it  but  fair  to  mention  no  one. 
Out  of  these,  seven  were  using  Smoke  Preventing  Devices. 

One  of  these  gets  less  steam  out  of  each  pound  of  Big  Muddy  coal, 
than  the  average  of  g-ood  local  practice  shows  for  common  Belleville 
Coal. 

A  second  is  perfectly  satisfied,  but  he  is  using  Big  Muddy  coal.  A 
visit  to  his  works  by  two  members  of  the  committee  showed  the  re- 
markable fact  that  with  the  device  in  action  the  smoke  disappeared  in 
two  minutes  after  firing-,  while  when  the  device  was  shut  off  the 
smoke  ceased  in  one  and  a  half  minutes. 

A  third  reports  heavy  work,  but  as  he  has  his  own  smoke  prevent- 
ing device,  his  testimony  is  naturally  that  of  a  party  in  interest. 

A  fourth  reports  favorably  on  the  device  used,  but  we  found  his 
work  by  data  given  us  on  the  spot  by  the  man  in  charge  to  be  85  per 
cent,  below  the  ordinary  rated  capacity  of  such  boilers,  or  say  about 
60  per  cent,  below  the  work  frequently  required  of  them  in  manufact- 
uring- plants. 

A  fifth  imports  favorably  on  device  used,  but  the  work  of  the  boil- 
ers was  found  to  be  very  light. 

A  sixth  has  since  thrown  out  the  device  as  fuel  wasting. 

A  seventh  reports  satisfactory  results  but  the  work  is  evidently 
very  light. 

Nineteen  have  used  various  kinds  of  smoke  preventors  but  have 
thrown  them  out  for  various  reasons.  Of  these  one  has  spent  about 
$8000;  another  $3000  on  unsatisfactory  experiments;  a  third  found  his 
"smoke  consumer"  consuming  one-eighth  more  coal  than  the  common 
furnace. 

As  coal  consumption  per  square  foot  of  grate  per  hour,  the  table 
shows  a  minimum  of  7.5  lbs.,  a  maximum  of  31.2  lbs.,  and  an  average 
of  16.1  lbs.  These  figures  alone  suffice  to  show  that  in  regard  tc- 
smoke  preventing  devices  "what  is  one  man's  meat"  will  prove  "an- 
other man's  poison."  ' 

In  most  of  the  plants  reported  on,  the  smoke  continues  more  than 
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5  minutes  immediately  after  firing.  Since  firing  has  to  be  done  about 
every  15  or  20  minutes,  it  follows  that  when  four  or  more  boilers  use 
one  and  the  same  chimney  the  smoke  will  be  practically  continuous. 
If  the  practice  were  to  charge  all  furnaces  simultaneously,  the  whole 
of  this  smoke  would  appear  at  once,  while  the  total  quantity  would 
not  vary  at  all. 

As  to  the  distance  from  grate  to  boiler,  which  has  a  direct  influ- 
ence on  the  production  of  smoke: 

31  have  18"  and  under,  which  may  be  considered  as  bad  practice. 

23  have  between  18"  and  24",  which  is  fair  practice. 

21  have  24"  and  over,  which  is  good  practice. 

Twenty  two  plants  have  no  mai'gin  of  power  at  all:  12  have  25% 
margin  or  less;  27  have  more  than  25%. 

It  appears  therefore  from  the  table  that  less  than  45  out  of  100  of 
the  steam  plants  in  St.  Louis  could  make  use  of  the  general  run  of 
"Smoke  Consumers''  without  risk  of  shutting-  down.  And  out  of  these 
45  probably  one-half  would  find  their  limits  drawn  so  close  as  to  com- 
pel them  to  discontinue  their  use  after  a  short  trial. 

VI.    Requirements  Necessary  for  a  Successful  Smoke  Prevent- 
ing Device. 
To  prove  successful  under  the  conditions,  which,  as  outlined  above 
commonly  exist  in  the  boiler  practice  of  this  city,  a  smoke  prevent- 
ing device  must  satisfy  three  sets  of  requirements: 

I.  Efficiency. — This  includes  (a)  the  development  of  such  a  high 
temperature  and  oxidizing  action  as  to  insure  the  combustion  of  the 
free  or  separated  carbon  which  forms  the  visible  smoke:  (b)  regularity 
of  action  under  van-ing  conditions  such  as  are  induced  by  charging 
fresh  coal,  cleaning  fires,  inattention  of  firemen,  etc.;  (c)  not  suscepta- 
ble  to  derangement  under  conditions  likely  to  obtain,  as  carelessness 
of  firemen,  inferior  water,  bad  clinker,  etc.;  (d)  small,  if  any  increase 
in  the  cost  of  operating. 

II.  Capacity. — This  must  be  such  that  efficient  action  will  be  se- 
cured not  only  when  the  boiler  is  working  up  to  its  full  i%ated  capacity, 
but  even  when  forced  in  order  to  meet  extraordinary  demands. 

III.  General  Applicability. — Under  this  head  may  be  included  (a) 
read}7  adjustment  to  all  forms  of  boilers  and  boiler  settings;  (b)  appli- 
cation where  space  is  already  limited;  (c)  comparative  low  first  cost; 
(d)  repairs,  small  in  amount,  easily  made  and  low  of  cost;  (e)  operation 
without  injury  to  boiler  or  other  accessories. 

It  is  hardly  necessary  to  add  anything  explanatory  of  the  above 
statement.  In  view  of  what  has  alread}r  been  given  showing  the  con- 
ditions l'elating  to  boiler  practice  in  St.  Louis  and  concerning  the  re- 
actions  involved   in   combustion   and   the   prevention  of  smoke,  these 
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requirements  should  be  self-evident  and  considered  all  important. 
Of  the  almost  countless  number  of  devices  proposed  there  are  few 
indeed  incapable  of  showing  good  smoke  results  under  special  condi- 
tions. Those  having  decided  merits  (and  there  are  many  of  these)  are' 
capable  of  successful  operation  when  the  conditions  are  generally  fav- 
orable. The  severe  test  and  which  very  few  are  able  to  pass  is  that  of 
capacity.  With  a  fuel  consumption  up  to  18  to  20  pounds  of  coal  per 
square  foot  of  grate  per  hour  the  better  devices  are  able  to  show  a 
good  smoke  record  but  to  the  extent  to  which  combustion  is  pushed 
beyond  these  limits  the  chimneys  return  to  their  evil  ways  of  pollut- 
ing the  air.  The  importance  of  this  capacity  test  will  be  appreciated 
when  it  is  understood  that  in  the  majority  of  boiler  plants  of  this  city 
the  limits  of  fuel  consumption,  stated  above,  are  greatly  exceeded 
during  an  important  part,  if  not  the  whole  time,  of  their  operation. 
It  is  not  at  all  uncommon  to  find  boilers  in  this  city  forced  to  the  ex- 
tent of  burning  30  lbs.  of  coal  per  square  foot  of  grate  per  hour.* 
Finally,  it  may  be  stated,  without  fear  of  successful  contradiction, 
that  not  one  of  the  devices  so  far  brought  forward  is  capable,  in  its 
present  form  and  application,  of  fully  meeting  and  satisfying  all  the 
requirements  specified  above. 

VII.     Classification  of  the  Important  Types  of  Smoke  Prevent- 
ing  Devices    Already   Proposed,   and  the    Principles  Upon 
which  they  depend. 
It  would  be  manifestly  impossible  to  give  in  a  report  like  this  even 
a  brief  description  of  each  of  the  many  devices  which  have  been  in- 
troduced at  various  times  for  the  purpose  of  preventing  the  escape  of 
smoke.      To  mention  each  by  name,  and  state  its  merits  and  defects, 
would  be  so  incomplete  a  presentation  of  the  case  as  might  lead  to 
misunderstanding  and  perhaps  injustice.     It  seems  wiser,  therefore,  to 
attempt  only  a  general  classification  of  the  more  important  types  and 
discuss  the  principles  upon  which  their  action  depends,  so  that  a  clear 
understanding  may  be  obtained  of  their  limitations  and  of  the  outlook 
for  the  future. 

*On  March  10th,  1888,  Mr.  C.  E.  Jones  of  our  Committee  and  Mr.  Chas. 
F.  White,  recently  appointed  Smoke  Inspector  for  the  Citizens  Committee 
in  Chicago,  made  a  report  to  Mr.  N.  O.  Nelson,  of  the  City  Council,  on 
Smoke  preventing  furnaces. 

The  heaviest  loss  by  carbonic  oxide  gas  escaping  unconsumed  was  less 
than  one  per  cent. 

The  results  of  39  careful  tests  are  tabulated.  The  smoke  preventing 
furnaces  on  the  average  showed  only  74  per  cent,  of  the  capacity  of  the 
common  furnaces  in  burning  coal,  they  reduced  the  work  of  the  boilers  28 
per  cent.,  and  they  required  about  2  per  cent,  more  fuel  to  do  the  same 
work. 
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A.  Steam  Jets. — These  consist  of  steam  injectors  to  force  air  into 
the  fire  place  either  directly  from  the  outside  or  after  being  heated. 
They  have  been  applied  in  many  ways  and  have  been  called  by  many 
names.  The  action  is  essentially  the  same  in  each  whether  the  noz- 
zles are  placed  in  front  above  the  fire  doors,  in  the  side  walls  of  the 
fire  place,  or  in  the  bridge  wall.  It  is  to  supply  air  in  sufficient  quan- 
tity above  the  fuel  bed  for  the  combustion  of  all  combustible  materi- 
al and  to  effect  such  a  thorough  mingling  of  the  air,  gases  and  carbon 
that  combustion  will  take  place  more  readily,  and  hence  not  far  be- 
yond the  fire  place.  Where  the  heat  is  sufficient  more  or  less  water 
gas  is  formed  by  the  decomposition  of  the  steam  into  hydrogen  and 
oxygen,  the  latter  in  a  nascent  state  being  more  effective  in  oxidizing 
the  separated  carbon  and  the  former  readily  burning  back  to  water  by 
combination  with  the  oxygen  of  the  air  blown  in. 

These  jets  can  be  made  to  work  satisfactorily  where  the  demand 
upon  the  boiler  is  comparatively  light  and  does  not  vary  much  but  it 
is  necessary  to  supplement  their  action  with  careful  and  regular  firing. 
If  too  much  coal  is  charged  in  the  fire-place  at  a  time  the  temperature 
is  likely  to  be  so  much  reduced  that  the  action  of  the  jets  tends  to  re- 
tard rather  than  promote  combustion.  With  variation  in  the  demands 
upon  the  boiler  the  jets  require  corresponding  adjustment  to  secure 
favorable  results.  Such  a  system  is,  therefore,  largely  dependent  for 
its  successful  operation  upon  the  skill  and  faithfulness  of  the  fireman. 
In  most  instances  the  capacity  of  the  jet  blowers  is  too  small  for  the 
amount  of  work  the  boilers  are  called  upon  to  do  and  where  the  ca- 
pacity is  sufficient  it  often  happens  that  with  the  careless  handling 
usually  practiced  the  amount  of  steam  used  in  the  jets  more  than  off- 
sets any  gain  in  efficiency  due  to  improved  combustion.*  Another 
very  important  consideration  is  the  setting  and  adjustment  of  the  noz- 
zles, which,  if  not  very  carefully  attended  to,  may  be  the  cause  of  a 
blow  pipe  action  upon  the  boiler  shell  or  grate  bars  resulting  in  a  rap- 
id burning  of  the  metal  especially  from  the  strong  oxidizing  action  of 
the  decomposing  steam.  Several  instances  of  this  kind  have  occurred 
in  this  city. 

It  will  be  evident,  therefore,  that  the  steam  jet  blower  system  as 
usually  applied  and  operated,  is  far  from  satisfying  the  requirements 
specified  for  a  successful  device.  The  determination  of  capacity  and 
the  adjustment  in  setting  cannot  safely  be  left  to  the  boiler  maker  or 
boiler  setter,  nor  to  the  engineer  of  the  establishment,  who  is  fre- 
quently only  an  engine  tender.  Nor  can  the  operating  of  the  device 
be  left  to  the  average  fireman.     On  the  other  hand  it  may  be  said  that 

*At  the  Home  Cotton  Mills  some  years  ago,  steam  jets  over  the  fire 
were  tried  as  smoke  preventors.  The  result  was  an  increase  of  12  per 
cent,  in  the  fuel  consumption  for  the  same  work. 
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the  requisite  engineering  skill  and  experience  can  always  be  obtained 
if  sought  for  to  secure  a  safe  and  suitable  application  of  the  system. 
The  necessary  qualities  to  make  a  reliable  fireman  can  also  be  had  if 
those  interested  would  appreciate  the  importance  and  advantage  of  de- 
manding these  and  of  offering  suitable  compensation  of  faithful  and 
efficient  services.  Under  such  conditions  the  steam  jet  system  can  un- 
doubtedly be  made  to  yield  satisfactory  results  in  controlling  the 
smoke,  especially  where  the  boiler  capacity  is  ample  for  the  require- 
ments and  where  the  service  is  not  too  variable.  These  results  can  be 
attained,  too,  without  injury  to  plant  but  not  without  some  increase 
in  the  cost  of  operating.     (See  Appendix  II.) 

B.  Firebrick  Arches  or  Checker  Work, — These  have  been  applied 
in  many  ways  and  the  resulting  devices  are  known  by  many  names. 
They  are  usually  placed  near  the  rear  end  of  the  fire  place  or  over  the 
bridge  well.  Their  action  is  of  a  twofold  character;  first,  to  cause  a 
more  thorough  mingling  of  the  smoke  and  gases  with  air  admitted 
above  the  fire  bed,  and  second,  to  increase  the  heat  of  this  mixture. 
The  conditions  favoring  complete  combustion,  not  only  of  the  gases 
but  of  the  more  difficult  combustible  separated  carbon  at  the  same 
time,  are  thus  brought  about. 

The  arch  causes  the  smoke,  gases,  and  air  to  pass  through  a  con- 
stricted passage  close  to  the  fuel  bed  which  should  be  kept  in  the  slow- 
ing coke  stage.  The  arch  itself  serves  not  only  to  reflect  the  heat 
from  the  fuel  bed  but  as  a  storage  accumulator  of  heat  which  tends  to 
regulate  the  heat  and  keep  it  up  to  a  more  uniformly  high  tempera- 
ture. 

The  checker  work  is  intended  to  produce  the  same  result  but  in  a 
slightly  different  way  by  dividing-  the  general  volume  of  smoke  and 
gases  into  a  number  of  small  currents  and  causing  more  intimate  con- 
tact with  the  firebrick  surfaces. 

So  far  as  disposing  of  the  smoke  is  concerned  these  appliances  can 
be  made  to  produce  good  results  with  careful  firing.  Their  capacity 
in  this  respect  is  however,  comparatively  limited,  being  dependent  up- 
on the  proportion  of  heating-  surface  to  the  volume  of  gases  and  smoke 
to  be  heated  and  also  upon  the  proper  alternation  of  clear  combustion, 
which  supplies  the  heat  to  the  storage  surfaces,  with  the  fresh  coal 
firing  which  calls  for  the  heat  stored  up.  Another  and  more  serious 
objection  is  their  want  of  durability,  and  hence  comparatively  high 
cost  due  not  only  to  the  actual  repairs,  but  to  the  interference  with 
regular  operations  as  well.  Devices  of  this  character  cannot,  there- 
fore, be  regarded  as  affording  a  satisfactory  solution  of  the  smoke 
problem.     (See  Appendix  III.) 

C.  Hollow  Walls  for  Preheating  Air. — A  number  of  patents  have 
been  taken  out  based  upon  this  system  but  they  are  all  likely  to  fall 
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short  of  satisfying  the  requirements  specified.  With  careful  firing  in 
boilers  performing  moderate  and  uniform  duty  this  system  favors 
more  complete  combustion  above  the  fuel  bed  by  supplying  heated  air 
through  a  number  of  small  holes  or  slits  in  the  walls  of  the  fire  place 
and  the  bridge.  It  need  scarcely  be  pointed  out,  however,  that  the  ca- 
pacity must  be  too  limited  to  make  its  application  to  our  boiler  service 
of  any  material  advantage.  Other  and  well  founded  objections  are 
that  flues  in  the  walls  of  a  boiler  setting  are  likely  to  make  the  con- 
struction less  stable  and  durable.  The  openings,  also,  for  the  admis- 
sion of  air  to  the  fireplace,  readily  become  clogged  and  suffer  from  the 
ignorant  and  unfaithful  labor  frequently  found  in  boiler  service. 

D.  Coking  Arches  or  Chambers. — This  system  is  a  favorite  one 
with  many  inventors  of  smoke  preventing  devices.  It  consists  in  con- 
structing a  chamber  in  front  of,  or  in  an  arch  over,  the  forward  part 
of  the  fireplace  where  the  fresh  coal  is  charged  and  retained  until  the 
greater  part  of  the  volatile  matter  is  drawn  off.  The  resulting  coke  is 
then  pushed  to  the  rear  to  serve  as  the  hot  bed  over  which  the  volatile 
matter  from  the  fresh  coal  in  front  is  made  to  pass.  These  devices  are 
intended  to  accomplish  more  fully  what  is  aimed  at  in  the  system  of 
firing  in  an  ordinary  fireplace  known  as  coke  firing,  which  consists  in 
firing  in  thin  layers  and  small  quantities  at  a  time  over  the  forward 
part  of  the  grate  and  keeping  the  strong,  clean  heat  of  the  glowing 
coke  near  the  bridge  wall. 

For  disposing  of  smoke  these  devices  are  effective  only  so  far  as  the 
fireman  is  careful  in  working  the  fire  and  the  amount  of  coal  to  be 
burned  in  a  given  time  is  limited.  The  use  of  arches,  etc.,  in  the  fire- 
place is  open  to  the  objection  that  such  constructions  are  necessarily 
short-lived,  exposed  as  they  are  to  high  heats,  changing  temperature, 
and  fluxing  ashes. 

E.  Double  Combustion. — Applications  of  this  system  have  been  at- 
tempted in  many  ways.  Some  have  taken  the  form  of  duplicate  fire- 
places which  are  charged  with  fresh  coal  alternately.  Suitable  damp- 
ers or  valves  cause  the  smoke  and  gases  from  the  freshly  charged 
grate  to  pass  beneath  and  thence  through  the  other  fire  bed,  which 
consists  in  the  main  of  glowing  coke.  In  other  cases  there  is  but  a 
single  fireplace,  a  portion  of  the  smoke  and  gases  being  drawn  by 
means  of  a  fan  blower  from  the  breeching-  after  having  passed  the  boil- 
er and  forced  under  the  grate  to  be  passed  through  the  fire  bed  a  sec- 
ond time. 

It  is  clear  that  in  passing  such  a  large  proportion  of  useless  gases 
through  a  fire  bed  much  of  the  air  needed  for  combustion  will  be 
crowded  out  and  heat  will  be  absorbed  in  raising  the  temperature  of 
these  useless  gases  to  that  of  the  furnace.  The  double  furnace  re- 
quires extra  room  and  the  single  furnace  a  fan  blower  and  both  require 
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niore  skill  and  attention  than  can  be  expected  of  the  average  fireman. 
Those  applications  of  this  system  that  have  been  tried  have  generally 
proved  short  lived. 

F.  Downward  Draught-Furnaces. — These  have  been  applied  in  a 
variety  of  forms  and  under  various  patents  for  a  number  of  years. 
They  consist  essentially  of  a  fireplace  with  the  back  closed  so  that 
there  is  no  direct  communication  for  the  smoke  and  gases  to  pass  away 
under  the  boiler  except  downward  through  the  fire  bed.  The  closed 
back  is  formed  either  of  a  water  leg'  from  the  boiler  which  passes  be- 
low the  level  of  the  grate  or  a  drum  set  below  the  level  of  the  grate 
and  connected  at  either  end  with  the  boiler  by  tubes,  the  space  between 
the  drum  and  the  bottom  of  the  boiler  shell  being  bricked  in,  solid. 
Owing  to  the  intense  heat  upon  the  grate,  it  is  necessary  to  substitute 
a  water  tube  grate  for  the  ordinary  bars  and  these  water  tubes  are 
connected  at  the  back  with  the  water  leg  or  drum,  at  the  front,  by 
means  of  headers  and  connecting  tubes,  with  the  boiler  shell.  All 
these  parts,  therefore,  belong  to  the  water  circulating  system  of  the 
boiler  and  supply  so  much  additional  heating  surface. 

The  combustion  of  the  fuel  is  effected,  by  such  a  device,  in  a  far 
more  rational  way  than  on  the  ordinary  fire  bed.  The  fresh  coal  is  as 
usual  charged  on  the  top  of  the  bed  but  the  air  enters  from  the  top 
and  therefore  cooler  part,  quickly  gaining  heat  from  contact  with  the 
heated  coal  and  passes  with  the  smoke  and  distilling  volatile  matter 
through  the  bed  of  incandescent  coke  below. 

The  separated  carbon  and  all  gaseous  products  thus  become  intense- 
ly heated.  The  moisture  of  the  coal  and  the  combined  water  of  the 
volatile  matter  are  decomposed  into  hydrogen  and  carbon  monoxide 
gases  which,  with  the  aid  of  additional  air  supplied  below  the  grate, 
burn  with  useful  effect  while  the  separated  carbon  disappears  into  in- 
visible carbon  dioxide  gas. 

In  order  to  get  the  requisite  amount  of  opening  for  draft  the  water 
tubes  forming  the  grate  must  be  spaced  at  greater  distance  apart  than 
is  the  case  with  ordinary  grate  bars.  Some  of  the  fuel  will,  therefore, 
drop  through,  impelled  by  the  force  of  the  draft  added  to  that  of  grav- 
ity. With  caking  coals  such  as  most  of  our  Illinois  coal  the  loss  from 
this  source  is  not  great  under  moderate  firing.  When,  however,  the 
fires  are  pushed  and  frequently  worked  with  a  bar  to  loosen  the  mass  of 
coke  or  to  clean  the  grate  considerable  coke  falls  through.  This  has 
led  to  the  adoption  of  an  auxiliai'y  grate  of  ordinary  type  set  some 
distance  below  and  through  this  all  the  air  is  delivered  for  the  combus- 
tion of  the  gases  issuing  below  the  upper  grate.  As  the  lower  grate 
receives  only  the  incandescent  fuel  falling  from  above  the  space  be- 
tween the  two  grates  is  in  a  favorable  condition  for  completing  the 
combustion,  being  highly  heated  and  supplied  with  heated  air. 
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Such  a  system  is  well  adapted,  to  insure  a  good  smoke  record  even 
when  the  lire  is  forced  and  to  a  large  extent  with  careless  firing.  It 
has  the  advantage  also  of  being  readily  attached  to  a  variety  of  boilers 
and  such  attachment  serves  to  increase  the  heating  surface  and  hence 
the  capacity  of  the  boiler. 

The  objections  to  this  type  of  smoke  preventing  device,  in  any  form 
in  which  it  has  been  presented,  arise  mainly  from  defects  in  construc- 
tion which  although  more  or  less  serious  can  be  overcome.  The  ar- 
rangement for  admitting  air  for  the  lower  grate  through  the  floor 
plates  in  front  of  the  boiler  is  defective,  in  that  it  does  not  permit  of 
control  of  the  air  current.  Excessive  quantities  of  air  enter,  causing 
unnecessary  waste  of  heat  and  a  lowering-  of  efficiency.  The  water 
tubes  of  the  grate  and  the  connecting  pipes  are  liable  to  unusual  strains 
at  the  joints  and  these  latter  are  not  altogether  reliable.  The  water- 
leg  or  drum,  which  acts  as  an  inverted  bridge  is  subjected  to  intense 
heat  as  are  also  the  tubes  of  the  water-grate.  Unless  our  St.  Louis 
water  is  purified,  scale  will  have  a  tendency  to  deposit  at  such  places, 
especially  on  the  lower  surface  of  the  water-leg  or  drum  whenever 
there  is  any  imperfect  circulation.  Any  marked  deposit  of  scale  on 
these  surfaces  would  cause  the  metal  to  burn  rapidly  and  give  way. 
While  serious  difficulties  have  not  resulted  to  any  great  extent  from 
these  defects  there  is  always  more  or  less  danger  especially  where 
higher  pressures  are  carried,  and  these  defects  should  be  overcome  be- 
fore the  system  can  receive  unqualified  approval. 

In  many  boiler  plants  in  this  city,  it  would  be  difficult  to  apply  this 
system  owing  to  the  lack  of  necessary  space.  A  distance  of  two  feet 
would  be  required  between  boilers  or  pairs  of  boilers  to  permit  of  clean- 
ing the  water-leg  or  drum.  It  is  necessary  also  to  have  a  greater 
depth  of  18"  to  24".  Notwithstanding  these  various  objections  the  sys- 
tem has  so  many  valuable  features  that  it  gives  great  promise  for  the 
future  and  is  well  worth  the  attention  and  study  required  to  secure  the 
needed  improvements,  and  adapt  it  to  the  exacting  conditions  of  our 
local  boiler  practice. 

G.  Automatic  Stokers. — There  is  a  great  varietj''  of  these  devices, 
some  of  which  are  applied  independently  and  others  as  auxiliaries  to 
other  types  of  smoke  preventing  devices.  The  principle  involved  in 
their  operation  is  to  secure  regular  and  uniform  feeding  of  coal  to  the 
fireplace  by  mechanical  action  in  place  of  the  irregular  and  unreliable 
service  of  the  ordinary  fireman.  The  mechanical  action  may  be  applied 
in  the  form  of  screw  or  hopper  feeders  to  fixed  inclined  grates  or  to 
movable  inclined  or  step  grates.  Most  of  these  require  the  coal  to  be 
sized  to  nut,  pea  or  slack  grades  and  but  few  are  capable  of  handling-  to 
advantage  lump  coal,  or  "the  run  of  the  mine."  The  coal  when  prop- 
erly sized  is  fed  with  great  regularity,  thus  doing  away  with  the  peri- 
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otls  of  heavy  smoke  development  and  clear  firing-.  The  gas  and  smoke 
are  therefore  distilled  from  the  coal  uniformly  and  near  the  upper  or 
forward  part  of  the  grate  changing'  the  fuel  to  incandescent  coke  as  it 
approaches  the  lower  end  of  the  grate. 

While  automatic  stokers  are  capable  of  giving  good  results  under 
favorable  conditions  their  limitations  are  such  that  they  cannot  be  re- 
garded as  applicable  to  any  important  extent  for  the  boiler  service  of 
St.  Louis.  They  l'equire  that  a  coal  be  used  which  does  not  readily 
cake  and  does  not  clinker  to  any  serious  extent.  The  boiler  must  be 
of  ample  capacity,  also,  so  that  no  forcing  is  inquired.  When,  as  is  so 
genei'ally  the  case  here,  a  boiler  is  forced,  the  tendency  of  the  coal  to 
cake  and  clinker  is  very  greatly  increased.  The  moving  grate  bars 
often  fail  to  prevent  caking  and  the  clinker  is  liable  to  choke  the  bars 
and  impede  their  action.  To  clean  a  fire  by  hand  where  an  inclined  or 
a  step  grate  is  used  is  a  very  laborious  and  tedious  undertaking  for  the 
fireman  and  he  is  too  apt  to  shirk  it  or  perform  it  inefficiently.  Anoth- 
er limitation  lies  in  the  fact  that  although  automatic  stokers  are  pro- 
vided with  devices  for  varying  their  sp%ed,  they  cannot  act  as  prompt- 
ly nor  follow  the  variations  in  demand  as  closely  as  the  fireman  with 
shovel  and  slice  bar.  With  our  caking  and  hard  clinkering  coals  and 
overworked  boiler  plants,  any  system  with  such  limitations  is  likely 
to  prove  ^worse  than  useless,  as  a  device  to  diminish  smoke  or  econo- 
mize fuel. 

The  fact  must  not  be  lost  sight  of  that  in  using  any  form  of  smoke 
preventing  device,  greater  care  must  be  exercised  in  the  examination 
of  the  boiler  and  that  more  frequent  cleaning  of  the  interior  is  required. 
The  better  the  combustion  and  the  higher  and  more  concentrated  the 
heat  resulting  from  this,  the  greater  the  danger  of  over-heating  and 
burning  the  portions  of  the  boiler  heating  surface  on  which  mud  or 
scale  may  lodge.  It  is  well  known  that  mud  and  scale  will  more  readi- 
ly settle  on  those  portions  of  the  furnace  sheets  receiving  the  most  di- 
rect action  of  the  flame,  since  rising-  currents  will  always  be  establish- 
ed there  inducing  return  currents  from  other  portions  of  the  boiler 
which  sweep  scale  and  mud  and  all  suspended  impurities  to  these 
points.  In  those  devices,  in  which  danger  points  are  covered  or  ob- 
scured from  the  eye  of  the  fireman  or  engineer,  the  danger  is  of  course 
increased.  Boilers  of  inferior  design,  imperfect  in  construction,  or  de- 
fective to  any  extent  in  circulating  action,  will  be  rendered  less  secure 
by  the  application  of  any  such  devices  as  promote  more  efficient  com- 
bustion. Your  Committee  therefore  inclines  to  the  belief  that,  before 
a  general  adoption  of  these  devices,  the  use  of  a  simple  but  effective 
system  of  purifying  the  feed  water  before  it  enters  the  boiler  will  be 
necessary. 
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VIII.        Experiences  est  Other  Cities  Relating  to  the  Abatement 

OF   THE   SilOKE    NUISANCE. 

Pittsburgh,  although  possessing  steam,  coals  capable  of  nearly  50% 
greater  economy  in  boiler  furnaces  than  our  standard  fuels,  was  long 
known  as  the  Smoky  City.  She  succeeded  in  temporarily  clearing  her 
atmosphere  by  the  use  of  Natural  Gas,  but  is  now  rapidry  relapsing  in- 
to her  former  state. 

The  City  Councils  of  Allegheny  City  (practically  a  part  of  Pitts- 
burgh) have  been  already  wrestling  with  the  question  of  preventing 
the  increase  of  the  Smoke  Nuisance,  as  evidenced  by  a  letter  to  Mayor 
Noonan,  asking  several  of  the  very  questions  which  were  placed  before 
us  for  solution.  The  letter  shows  that  they  have  no  more  knowledge 
of  the  problem  than  is  usual  among  our  citizens. 

Cincinnati  with  the  same  superior  Pennsylvania  coal  brought  to 
her  doors  by  cheap  river  freights  has  long  had  a  Smoke  ordinance 
which  as  a  solution  of  the  problem  is  a  complete  failure.  It  provides 
(See  Appendix  IV)  that  anyone  using  a  steam  boiler  without  an  effi- 
cient smoke  preventing  device  shall  be  fined  not  less  than  $50  nor  more 
than  .$100  for  each  offence,  and  similar  penalties  are  held  over  the 
men  in  charge  of  such  boilers. 

The  Supervising  Engineer  who  has  charge  of  the  enforcement  of 
this  ordinance  wrote  us  that  there  was  but  one  device  in  use  which 
comes  near  being  a  smokeless  furnace,  and  that  "must  have  perfect 
conditions,'''  Many  steam  jet  devices  are  in  use  "but  they  soon  burn 
out  and  are  not  economical  in  the  use  of  fuel." 

Devices  with  brick  arches  over  the  furnace  have  answered  fairly 
well  if  the  boiler  is  ample  for  the  work,  "and  they  have  a  good  draft" 
but  expansion  and  contraction  soon  wrecks  them  and  parties  will  not 
maintain  them. 

When  short  of  boiler  capacity  even  the  device  above  mentioned  as 
the  best  "will  smoke  like  a  tar  kettle."  "A  majority  of  boiler  settings 
are  too  shalloiv  between  grates  and  boiler,  so  there  is  no  room  for  the 
proper  mixture  of  the  gases,  which  together  with  a  sluggish  draft,  due 
to  low  stacks  in  many  cases,  and  the  putting  of  two  or  three  boilers  in- 
to a  chimney  originally  intended  for  one,  makes  a  condition  of  things 
hard  to  deal  with,  when  the  suppression  of  smoke  is  considered." 

"The  intermittent  work  of  a  boiler  adds  to  the  difficulty,  etc.'' 
When  it  is  remembered  that  Cincinnati  need  burn  but  67  pounds  of  a 
much  less  smoke  producing  coal  to  our  100  pounds  of  a  very  smoky 
fuel,  the  failure  of  merely  restrictive  legislation  is  apparent. 

Chicago  has  long  had  a  smoke  ordinance  and,  if  there  were  a  sover- 
eign virtue  in  such  legislation,  the  Smoke  problem  should  have  been 
■solved  there  long  ago. 

For,  while  the  common  Illinois  coals  cost  much  more  than  in  St. 
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Louis  such  better  and  less  smoky  fuels  as  the  Indiana  block,  Youghio- 
gheny,  and  even  Anthracite  coals  are  brought  to  her  at  much  lower 
figures  than  to  us;  in  fact  at  prices  which  make  them  available  as 
steam  coals. 

Prices  range  about  as  follows: 

Per  Ton. 

Illinois  coal, $2.25. 

Kentucky  lump  coal, 3.35. 

Indiana  block  coal, 2.75. 

Indiana  Hazel  coal, 2.25. 

Cumberland  coal, 4. 00. 

Youghiogheny  coal, 3.75. 

Hard  coal  Screenings, 1.50. 

Hard  coal  (Anthracite), 5.75. 

Mixtures,  of  much  higher  fuel  value  and  much  less  smoky,   have 

been,  and  are  being-  tried  to  meet  the  stringent  conditions  of  the  smoke 

ordinance.       F.  I.   mixtures  of  15  to  33%  hard  coal  screenings  with 

Kentucky  lump  or  Indiana  block  are  being  used  with  very  fair  success. 

In  one  plant  a  mixture  of 

80%  Indiana  block  at  $2.75  per  ton, $2.20 

with  20%  Anthracite  screenings  at  $1.50  per  ton, 0.30 

gave  a  practically,  smokeless  mixture  at $2.50 

per  ton,  being  only  25%  per  ton  more  than  common  Illinois  coal,  but 
possessing  in  practice  a  fuel  value  possibly  40%  greater. 

With  this  mixture  as  high  as  24£  lbs,  of  coal  per  square  foot  of 
grate  have  been  burned  per  hour  running  the  boilers  33%  above  rating, 
without  coming  under  the  censure  of  the  Smoke  Inspector,  and  that 
with  a  common  furnace  without  any  smoke  preventing  device. 

In  spite  of  these  facts,  in  spite  of  the  simple  and  stringent  Smoke 
ordinance  (see  Appendix  V)  which  has  been  in  force  for  some  years, 
stimulating  the  efforts  of  inventors  and  promoters  of  so-called  Smoke 
Consumers,  Chicago  remains  nearly  as  smoky  as  before. 

Finally,  in  the  last  week  of  1891  a  large  meeting  of  prominent  citi- 
zens, representing  fifteen  city  clubs,  and  commercial  bodies,  was  held 
and  a  Committee  of  Seven  appointed  to  take  the  matter  up  in  earnest. 
They  have  practically  reached  similar  conclusions  to  those  we  have 
the  honor  to  submit  to  you  herewith,  namely  that  an  educational  cam- 
paign must  precede  any  restrictive  legislation. 

A  Society  for  the  Prevention  of  Smoke  has  been  formed,  number- 
ing among  its  members  some  of  the  most  prominent  men  in  all  the 
business  Community,  and  large  sums  of  money  subscribed  to  carry  on 
the  work. 

Two  experts  have  been  appointed,  at  good  salaries,  who,  with  a 
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corps  of  assistants,  make  tests  of  boilers  and  of  smoke  preventing  de- 
vices, with  a  view  to  determining  the  exact  conditions  of  each  smoke 
problem  and  the  limitations  of  devices  offered.  This  follows  out 
pretty  closely  the  line  of  work  your  Committee  had  laid  down  as  nec- 
essary, in  their  preliminary  report  of  November  last,  which  they  now 
have  the  honor  to  give  in  full  detail  as  their  "Conclusions  and  Recom- 
mendations." 

It  is  interesting  to  note  that  out  of  thirty-seven  plants  reported  by 
the  City  Smoke  Inspector  for  maintaining  a  Smoke  Nuisance  on  Jan., 
1st,  1892,  six  had  in  use  well  known  and  more  or  less  meritorious 
"Smoke  Consumers."  Nothing  could  better  illustrate  the  necessity  of 
careful  tests  to  show  promoter  and  purchaser  alike  the  exact  limita- 
tions of  such  devices,  and  their  applicability  to  a  given  set  of  condi- 
tions. 

IX.    Conclusions  and  Recommendations. 

While,  as  will  have  appeared  from  the  foregoing",  this  Committee 
is  unable  to  say  that  the  practical  problem  of  smoke  prevention,  under 
St.  Louis  conditions,  is  fully  solved,  we  can  say  that  substantial  pro- 
gress in  that  direction  has  been  made. 

A  number  of  meritorious  devices  are  in  the  market.  We  can  not 
recognize  any  of  them  as  of  unlimited  or  unconditioned  effectiveness. 
What  their  practical  limitations  ai'e,  we  are  compelled  to  think  that 
neither  those  who  have  invented,  sold  or  used  them,  know. 

The  smoke  nuisance  affects  the  whole  community,  and  all  are  in- 
terested in  getting  rid  of  it.  All  will  admit  that  there  is  a  great  but 
uncalculated  money  loss,  in  destruction  of  goods  and  furnishings,  in 
defacement  of  buildings,  in  labor  and  material  expended  in  the  vain 
effort  to  keep  clean,  and  in  increased  necessity  for  artificial  light;  an 
aesthetic  loss  through  discouragement  of  the  ornamentation  of  build- 
ings, homes  and  grounds;  a  sanitary  loss  in  impared  health  and  preva- 
lence of  lung  and  throat  troubles;  a  population  loss,  in  those  who  can- 
not or  will  not  live  in  a  begrimed  city,  and  last,  not  least,  a  moral  loss, 
in  the  effect  on  those  who  per  force  endure  dirt  and  unwholesomeness. 
Great  as  the  evil  has  been  and  is,  its  increase,  if  unchecked  will  be  in 
a  more  rapid  ratio  than  that  of  population. 

The  time  has  come  when  a  decided  step  should  be  taken.  In  that 
step,  it  is  appropriate  that  the  cit}r  through  its  government  should 
take  the  lead,  for  the  city  authorities  are  themselves  among-  the  of- 
fenders. AVe  would  not  advise  any  arbitrary  action,  but  some  pres- 
sure should  be  brought  to  bear  upon  those  who  produce  the  great  part 
of  our  smoke  cloud:  for,  while  some  are  alert  and  willing  to  spend 
money  to  abate  their  share  of  the  evil,  the  majority  may  safely  be 
supposed  to  be  inert  and  as  unready  to  make  an  effort  to  abate  as  they 
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have  proved  unwilling  or  careless  about  responding  to  inquiries  for 
facts.  We  do  not  think  that  the  cloud  can  be  entirely  removed  in  the 
immediate  future  but  we  are  sure  that  its  density  can  be  very  materi- 
ally reduced,  not  without  cost,  but  without  hardship  to  any.  Yet  all 
should  be  willing  to  exercise  patience  and  even  make  some  conces- 
sions. 

As  an  indispensable  preliminary  to  repression,  we  think  that  au- 
thoritative and  impartial  determination  should  be  made : 

1st.  Of  the  practical  bounds  within  which  smoke  emission  may  be 
confined  now,  taking  emergencies  and  all  valid  excuses  into  account 
and  defining  them  for  the  information  of  fuel  consumers,  and  for  the 
guidance  of  the  authorities  in  dealing  with  them. 

2nd.  A  determination  of  the  quantitative  and  economical  limita- 
tions of  various  devices  and  their  adaptability  to  special  requirements. 

To  do  this  work  a  paid  expert  commission  will  be  necessary;  and 
the  expense  of  such  a  commission  should  be  borne  by  the  public.  That  of 
preparing-  for  test  should  be  borne  by  the  promoters  of  each  device  and 
the  cost  of  testing,  in  part,  by  promoters  and,  in  part,  by  the  public. 

Finally,  we  call  attention  to  a  matter,  seldom  thought  of  in  this 
connection,  relating  to  the  plan  and  construction  of  buildings. 

The  modern  business  building  nearly  always  contains  a  steam  plant 
for  heating  and  other  incidental  uses.  This  plant  is  not  regarded  as 
revenue  producing  direct,  and  architects  as  well  as  owers  are  disposed 
to  place  it  so  as  to  occupy  the  least  possible  space.  Hence  it  is  in 
most  cases  inconveniently  located,  cramped  for  room  and  but  little 
regard  paid  to  ventilating.  Flues  and  chimneys  are  often  unskillfully 
proportioned,  and  the  comfort  of  attendants  so  little  considered  that 
they  can  do  no  better  than  stuff  the  furnace  and  g-o  out  to  breathe. 

Recommendations. 

In  view  of  the  facts  and  considerations,  presented  above,  your  Com- 
mittee would  respectfully  make  the  following  recommendations  and 
urge  immediate  action  upon  them: — 

I.  The  introduction  in  the  Municipal  Assembly  of  two  ordinances, 
(drafts  of  which  are  herewith  presented). 

A.  An  Ordinance  Declaring  the  Emission  of  Dense  Visible 
Smoke  to  be  a  Nuisance  and  providing  for  the  Suppression  thereof 
within  one  hundred  and  eighty  days  after  the  enactment  of  this  ordi- 
nance. 

B.  An  Ordinance  Authorizing  and  providing  for  the  Making 
or  Regulations  Limiting  and  Defining  Permissible  Smoke  Emission; 
for  the  Testing  of  Smoke  Preventing  Devices,  and  for  the  Making  of 
such  Tests  and  Experiments  as  may  be  Deemed  Advisable  with  a  view 
to  the  Abatement  or  Suppression  of  the  Smoke  Nuisance. 
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II.  The  introduction  in  the  Municipal  Assembly  of  an  amendment 
to  the  present  Boiler  Inspection  Ordinance  with  a  view  to  regulating 
the  size,  proportions  and  fittings  of  boilers  to  be  erected  hereafter  and 
the  accommodations  to  be  provided  for  such  boilers. 

III.  That  steps  be  taken  at  once  to  diffuse  as  thoroughly  as  possi- 
ble among  the  public,  especially  housekeepers,  manufacturers  and  rail- 
road officials  such  facts  and  figures  and  right  information  concerning 
these  as  may  aid  them  in  the  early  general  adoption  of  smokeless 
fuels  so  far  as  they  may  be  applicable,  as: 

A.  In  domestic  establishments,  anthracite,  coke  or  fuel  gas. 

B.  In  industrial  furnaces,   other  than  boiler  plants,  coke, 
fuel  gas  or  oil. 

C.  For  all  switch  engines  and  such  as  operate  within  the 
City  limits,  coke. 

The  following  are  drafts  of  the  ordinances  suggested:— 

An  Ordinance,  Declaring  the  Emission  of  Dense  Visible  Smoke  to  be 

a  Nuisance,  and  to  Provide  for  the  Suppression  Thereof. 

Be  it  ordained  by  the  Municipal  Assembly  of  the  City  of  St.  Louis 
as  follows:  • 

Section  1. — The  emission  into  the  open  air  of  dense  visible  smoke 
within  the  corporate  limits  of  the  City  of  St.  Louis  is  hereby  declared 
to  be  a  nuisance.  The  owners,  occupants,  managers  or  agents  of  any 
establishment,  locomotives  or  premises  from  which  dense  visible  smoke 
is  habitually  emitted  or  discharged  shall  be  deemed  guilty  of  a  misde- 
meanor, and,  upon  conviction  thereof  shall  pay  a  fine  of  not  less  than 
ten  nor  more  than  one  hundred  dollars.  And  each  and  every  day 
wherein  such  smoke  shall  be  emitted  shall  constitute  a  separate  of- 
fense. 

Section  2. — The  President  of  the  Board  of  Public  Improvements  is 
hereby  authorized  and  directed  to  appoint  with  the  approval  of  the 
Mayor,  such  inspectors,  not  exceeding  five  in  number,  as  may  be  nec- 
essarj'  to  carry  out  the  provisions  of  this  ordinance.  Said  inspectors 
shall  receive  a  salary  of  one  hundred  dollars  a  month  each,  payable 
monthly. 

Section  3. — The  inspectors  shall  have  a  right  to  enter,  in  the  per- 
formance of  their  duties,  at  reasonable  hours  upon  all  premises  other 
than  dwelling  houses  occupied  by  less  than  four  families  or  tenants. 
They  shall  collect  evidence  of  the  facts  in  cases  of  the  violation  of  this 
ordinance,  and,  with  the  approval  of  the  President  of  the  Board  of 
Public  Improvements  in  each  case  shall  report  the  same  to  the  City 
Attorney  for  prosecution.  The  inspectors  shall  be  guided  in  the  per- 
formance of  their  duties,  by  instructions  given  by  the  Board  of  Public 
Improvements,  and  approved  by  the  Mayor,  from  time  to  time. 
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Section  4. — This  ordinance  shall  take  effect  at  the  expiration  of  six 
months  after  its  approval  by  the  Mayor. 

An  Ordinance,  Authorizing  and  Providing  for  the  Making  of  Regula- 
tions Limiting  and  Defining  Permissible  Smoke  Emissions,  and  for 
the  Testing  of  Smoke  Prevention  Devices,  and  for  the  making  of 
Such  Tests  and  Experiments  as  may  be  Deemed  Advisable  With  a 
View  to  the  Abatement  or  Suppression  of  the  Smoke  Nuisance. 
Be  it  ordained  by  the  Municipal  Assembly  of  the  city  of  St.  Louis 

as  follows: 

Section  1. — The  President  of  the  Board  of  Public  Improvements  is 
hereby  authorized  and  directed  to  appoint  with  the  approval  of  the 
Mayor,  a  commission  composed  of  three  competent  persons,  who  shall 
not  be  directly  or  indirectly  interested  in  the  manufacture,  sale  or  con- 
struction of  any  furnace  or  other  article  having  practical  relation  to 
the  production  or  prevention  of  smoke. 

Said  commission  shall  ascertain,  and  report  to  the  Board  of  Public 
Improvements,  the  conditions  and  liabilities  under  which  manufactur- 
ing and  other  parties  cannot  wholly  or  reasonably  prevent  the  occa- 
sional production  and  emission  of  dense  visible  smoke.  Such  ascer- 
tained conditions  and  liabilities,  when  approved  by  the  Board  of  Public 
Improvements  and  Mayor  shall  be  published  and  thereafter  shall  con- 
stitute instructions  to  guide  and  limit  the  officials  charged  with  the  en- 
forcement of  smoke  suppression  ordinances.  And  it  shall  be  a  valid 
and  sufficient  defense  against  any  complaint,  that  the  offence  charged 
comes  within  such  recognized  conditions  and  liabilities. 

Said  commision  shall  conduct  and  make  practical  tests  of  all  de- 
vices for  the  prevention  or  suppression  of  smoke  which  shall  be  sub- 
mitted to  them,  in  accordance  with  the  conditions  hereinafter  set  forth, 
and  shall  prepare  detailed  reports,  stating  the  facts  and  conclusions 
based  thereon  as  to  the  efficiency  of  each  such  device,  the  conditions  of 
its  successful  operation  and  the  limitations  to  its  efficiency.  Said  re- 
port shall  be  made  promptly  when  any  test  is  completed,  to  the  Board 
of  Public  Improvements,  which  report  may  be  rejected  by  said  Board 
if  found  to  be  unfair  or  untrue.  If  accepted  by  said  Board  the  report 
shall  be  published  for  the  information  of  the  Public.  Provided  how- 
ever, that  such  acceptance  and  publication  shall  not  be  constructed  as 
an  endorsement  of  the  report  by  the  City  of  St.  Louis  or  as  a  recom- 
mendation for  or  against,  the  device  passed  upon. 

Said  Commissioners  shall  also  be  called  upon,  by  the  President  of 
the  Board  of  Public  Improvements,  to  make  such  tests  and  experiments 
as  may  in  his  judgment  be  needed  to  determine  the  applicability  of 
special  or  smokeless  fuels  to  domestic,  locomotive  or  other  uses,  with 
a  view  to  the  abatement  or  suppression  of  smoke,  and  shall  prepare 
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detailed  reports  of  the  results  together  with  such  conclusions  and  rec- 
ommendations as  in  their  j  udgment  may  be  warranted  by  the  facts, 
said  reports  to  be  made  promptly  and  printed  for  the  information  of 
the  public. 

Section  2. — The  Commissioners  authorized  by  the  preceding  sec- 
tion shall  receive  in  compensation  for  their  services  in  ascertaining 
and  reporting  the  conditions  and  liabilities  of  Smoke  Suppression  the 
sum  of  one  thousand  dollars  each,  payable  upon  the  certificate  of  the 
President  of  the  Board  of  Public  Improvements  that  such  report  has 
been  made  to,  and  accepted,  by  the  Board  of  Public  Improvements. 
For  their  services  in  conducting  tests  of  devices  and  making  report 
thereon  they  shall  each  receive  the  sum  of  Seventy-five  Dollars  for 
each  device  tested  and  reported,  and  for  conducting  the  special  tests 
and  experiments,  as  provided  in  the  preceding  section,  one  hundred 
dollars  for  each  series  of  tests  or  experiments  together  with  a  full  re- 
port of  the  same.  Said  respective  sums  to  be  paid  on  the  certificate  of 
the  President  of  the  Board  of  Public  Improvements  that  the  report  of 
such  test  has  been  received  and  accepted  by  said  Board. 

Incidental  and  necessary  expenses,  for  the  above  described  investi- 
gations and  tests,  shall  be  allowed  and  paid  for  as  other  expenses  of 
the  office  of  the  President  of  the  Board  of  Public  Improvements. 

Section  3. — Any  party  having  or  claiming  to  have  a  plan  or  device 
whereby  smoke  can  be  prevented  or  suppressed,  and  desiring  to  have 
the  same  subjected  to  a  practical  test  and  determination,  may  do  so 
on  the  following  conditions: 

First. — He  or  they  shall  notify  in  writing  the  President  of  the  Board 
of  Public  Improvements  that  such  a  test  is  desired,  and  with  such  no- 
tice shall  file  a  full  and  complete  description  of  the  device  with  all  ne- 
cessary drawings  to  show  its  character,  construction  and  mode  of  oper- 
ation. Accompanying  such  notice  shall  be  a  certificate  of  the  City 
Treasurer  that  there  has  been  deposited  with  him  to  the  account  of 
contract  and  other  deposits  the  sum  of  one  hundred  dollars. 

Second. — If  the  President  shall  judge  that  the  public  interest  and 
the  probable  merits  of  the  device  justify  a  test,  at  the  City's  expense 
he  shall  instruct  the  Commission  to  make  it  whereupon  the  sum  de- 
posited shall  become  the  property  of  the  City  of  St.  Louis  and  shall  be 
credited  to  the  fund  for  testing  smoke  prevention  devices.  If  the  said 
President  shall  judge  that  the  public  interests  or  the  probable  merits 
of  the  device  do  not  justify  a  test,  at  the  City's  expense,  he  may  re- 
fuse it,  whereupon  the  sum  deposited  shall  be  returned  to  the  depos- 
itor. But  the  party  interested  may  pay  into  the  City  treasury  the 
sum  of  four  hundred  dollars  to  the  credit  of  the  fund  for  testing  smoke 
prevention  devices,  and,  upon  the  presentation  of  the  Treasurer's  certif- 
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icate  to  that  effect,  the  President  of  the  Board  of  Public  Improve- 
ments shall  order  the  Commission  to  make  the  test. 

IV 

Third. — The  party  or  parties  submitting'  a  device  shall  erect  the 
same  at  the  place  designated  by  the  Commission,  or  at  such  other 
place  as  the  Commission  may  approve  of,  at  their  own  cost  and  ex- 
pense under  their  own  supervision,  with  such  provisions  for  the  at- 
tachment of  instruments  as  the  Commission  may  require,  and,  when 
fully  ready,  shall  deliver  the  premises  and  equipment  to  the  Commis- 
sion. 

If  the  place  is  furnished  by  the  Commission  such  erection  and  de- 
livery shall  be  made  within  thirty  days  after  the  place  is  put  at  the 
disposal  of  such  persons,  and  after  the  test  is  closed  said  device  and 
all  its  belongings  shall  be  removed  within  15  days  after  notice  to  that 
effect. 

Fourth. — If  after  test  is  begun,  alterations  or  improvements  are 
desired  to  be  made  the  party  interested  must  proceed  as  if  submitting 
a  new  plan  or  device.  Unless  the  several  Commissioners  shall  each 
consent  to  such  alterations  arid  waive  all  claim  for  compensation  for 
a  partial  test. 

Section  4. — Whenever  the  Mayor  shall  be  of  the  opinion  that  the 
public  interest  does  not  warrant  the  further  testing  and  reporting  on 
devices,  under  the  authority  of  the  City  of  St.  Louis,  he  shall  notify 
the  President  of  the  Board  of  Public  Improvements  to  that  effect,  in 
which  event  the  existence  of  the  Commission,  hereby  authorized,  shall 
terminate  when  tests  already  in  hand  shall  have  been  completed  and 
reported  as  herein  provided. 

Your  Committee  believes  that  these  two  proposed  ordinances  em- 
body the  best  form  of  municipal  action  in  the  premises.  While,  pos- 
sibly, further  discussion  on  the  part  of  all  interested  in  the  subject 
may  suggest  certain  modifications,  the  main  point  must  be  kept  in 
view.  It  is,  that  the  City  government  owes  it  to  the  manufacturing 
interests  to  present — first  the  ways  and  means  in  which  smoke  may  be 
prevented  under  existing  economic  conditions,  before  it  has  the  right 
to  pass  or  enforce  smoke  ordinances  similar  to  those  of  Cincinnati  and 
Chicago. 

We  sincerely  believe  that  when  the  means  are  once  shown  clearly, 
the  public  spirit  of  the  large  majority  of  our  manufacturers  will  induce 
them  to  adopt  such  means  without  waiting  for  any  mandatory  law. 

Very  respectfully  submitted, 

E.  D.  Meier,  Chairman. 
William  B.  Porter, 
Robert  E.  McMath, 
C.  E.  Jones,  Committee. 
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APPENDIX    I. 

To  Steam  Users  of  St.  LOuis: 

Gentlemen. — The  undersigned  Committee,  appointed  by  the 
Mayor  of  the  city,  at  a  recent  meeting  of  manufacturers  and  others,, 
called  to  consider  the  smoke  nuisance,  request  your  co-operation  by 
answering  the  following  questions,  or  as  many  of  them  as  you  can 
answer  correctly  with  reference  to  your  own  boiler  plant  and  daily 
experience.  The  Committee  will  consider  your  communication  confi- 
dential, if  you  so  desire  it,  using  the  facts  and  quantities  only,  with- 
out referring  to  the  plant  to  which  they  refer,  in  making  up  a  tabular 
statement,  showing  the  exact  extent  of  the  difficulties  which  the  solu- 
tion of  this  problem  presents. 

1.  Please  state  the  number  and  size  of  your  boilers,  i.  e.,  diameter 
and  length,  and  the  number,  diameter  and  length  of  flues  or  tubes  in 
each;  please  give  also  the  clear  length  and  clear  width  of  g-rate  under 
each  boiler  or  battery,  as  well  as  the  clear  height  from  top  of  grate  to 
bottom  of  boiler. 

2.  Please  state  diameter  or  square,  and  height  of  your  chimney, 
counting  the  height  from  the  level  of  the  grade. 

3.  What  kind  of  coal  (name  mine  if  possible),  do  you  use,  and  is  it 
"Run  of  the  Mine,;'  "Slack,"  "Nut"  or  "Lump?"  and  how  many 
pounds  or  bushels  do  you  burn  per  hour? 

4.  Is  your  boiler  plant  taxed  to  its  full  capacity,  or  have  you  any 
margin  over  3-our  actual  necessities,  and  if  so,  how  much? 

5.  Does  the  work  required  of  your  boilers  vary  during  the  day, 
and  within  what  limits,  and  what  is  the  nature  of  the  variation,  i.  e. , 
frequent  and  sudden,  or  regular  and  at  long  intervals? 

6.  How  many  pounds  of  water  do  you  evaporate  per  pound  of  such 
coal  as  you  use,  taking  actual  weights  and  measurements?  State  also 
in  this  connection  the  temperature  of  your  feed  water  as  it  enters  the 
boiler,  and  the  steam  pressure  you  generally  carry  as  shown  by  gauge. 
In  answering  this  question  it  is  not  necessary  to  make  an  expert  test, 
but  you  can  no  doubt  give  the  amount  of  coal  for  a  number  of  months 
back,  from  your  coal  bills,  and  your  meter  readings  for  the  same  time, 
and  enable  the  Committee  to  make  this  computation.  If  you  have 
ever  used  any  smoke  consumer,  or  smoke  preventing  furnaces  or  de- 
vices, or  are  now  using  same,  please  state  the  results  as  compared 
with  those  obtained  writh  plain  furnaces  and  plain  grates. 

7.  How  many  pounds  of  coal  per  square  foot  of  grate  do  you  burn 
per  hour  without  making  smoke? 

8.  How  many  pounds  of  coal  per  square  foot  of  grate  do  you  burn 
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per  hour  with  no  smoke  except  for  one  or  two  minutes  after  each  fir- 
ing, or  how  long  after  each  firing  does  smoke  continue? 

Please  send  replies  to  this  Circular  to  the  "Smoke  Prevention  Com- 
mittee." care  Commissioner  of  Buildings,  City  Hall. 


APPENDIX     II. 

The  loss  or  consumption  of  Steam  by  steam  jet  blowers  is  found  to 
be  very  large.  Experiments  made  at  the  New  York  Navy  Yard  with 
five  different  types  of  nozzles  are  reported  in  Engineering  Neios  of 
September  19th. ,  1891. 

The  nozzle  consuming  the  largest  amount  of  steam  was  an  annular 
slot.  As  its  exact  dimensions  are  not  given  we  cannot  well  compare 
it  with  the  others. 

The  other  four  compared  as  follows: 

Single  Round  Hole  of       33  Holes,  each  of 

Vie  DIAM.      Vg  DIAM.      9/g4  DIAM.  1/32  DIAM. 

Per  cent,  of  total  steam,      8.3%  12%  14%     x  20.7% 

Pounds  steam  per  hour,       7.5  15.8  19.06  30 

Loss  in  H.  P.,  0.25  0.53  0.653  1.0 

As  the  supply  pipe  to  the  nozzles  was  very  small  it  is  highly  prob- 
able that  the  loss  by  the  larger  nozzles  would  have  been  proportion- 
ately greater  had  the  supply  been  ample.     . 

APPENDIX    III. 

As  further  illustrating  the  losses  due  to  smokeless  combustion  we 
append  the  average  results  of  some  interesting  practical  tests  made  in 
Chicago,  by  Mr.  Wm.  C.  D.  Gillespie,  M.  E.,  Chief  Engineer  of  the 
Rookery  Building.  The  aim  was  to  produce  smokeless  combustion  at 
any  cost.  The  coal  used  was  much  less  smoky  than  our  St.  Louis 
fuels  viz.,  Indiana  Block  coal  whose  price  precludes  its  use  under 
boilers  in  this  city. 

The  tests  were  divided  into  three  series,  each  recording  the  average 
results  reached  by  improvements  in  the  furnace.  They  show  both  a 
decrease  in  power  and  a  loss  in  economy  the  more  they  approach  per- 
fectly smokeless  combustion. 

The  boiler  was  of  the  horizontal  tubular  type  60"  diameter  by  14  ft. 
long,  with  46  tubes  4"xl4  ft.  It  had  620  sq.  ft.  of  heating  surface  and 
16  ft.  of  grate  area,  a  very  favorable  proportion  for  economy.  The 
furnace  was  of  the  fire  brick  arch  type,  the  arch  being  very  long,  9  ft. 
in  all,  of  which  all  but  li  ft.,  were  in  front  of  the  boiler.  There  is 
provision  for  air  admission  over  the  fire.  The  grate  as  well  as  the 
arch  incline  downwards  from  the  fire  front  to  the  boiler. 
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The  record,  condensed  to  its  essentials  is  as  follows: 

Tests First  Series.  Second  Series.  Third  Series. 

Time 4  days  of  9  5  days  of  9  5  days  of  9 

hrs.  each.  hrs.  each.  hrs.  each. 

Pounds  Coal  burned  per 

sq.  ft.  grate  per  hour.         24.34  24.59  23.82 

Horse  power  developed.           102  93  89 

Boiler  ran  above  rating.         25%  13%  10% 

n ..,.,„,,       •   „Vo      j  Moderate        Smoke  Much         Practically 

Conditions  as  to  smoke,     j     Smoke  Reduced  Smokeless 

Loss  in  power  by  reducing 

smoke 0  12%  15% 

Loss  in  economy  by  reducing 

smoke 0  7^'%  13%% 

Mr.  Gillespie  writes  us  later  (March  9th,'  92)  that  he  has  made  fur- 
ther improvements  by  which  he  gains  considerably  in  economy. 

APPENDIX    IV. 

Cincinnati  Smoke  Ordinance. 

An  Act  to  Provide  for  the  Better  Protection  of  Human  Life  Against 
Fire,  and  regulate  the  Construction  and  Management  of  Steam- 
Boiler  Furnaces  in  Cities  of  the  First  and  Second  Grades  of  the 
First  Class. 

Section  4. — Every  steam-boiler  furnace  used  within  the  corporate 
limits  of  any  city  of  the  first  grade  of  the  first  class  shall  be  so  con- 
structed or  altered,  or  have  attached  thereto  such  sufficient  smoke  pre- 
ventives as  to  produce  the  most  perfect  combustion  of  fuel  or  other 
material  from  which  smoke  results,  and  so  as  to  prevent  the  produc- 
tion and  emission  of  smoke  therefrom  so  far  as  the  same  is  possible. 
And  any  person  or  persons,  association  or  corporation,  being  the  own- 
er or  lessee,  or  having  control  of  any  such  steam-boiler  furnace  (who) 
shall  use  or  allow  the  use  of  any  such  steam-boiler  furnace  which 
shall  not  be  so  constructed,  or  if  already  constructed  at  the  time  of 
the  passage  of  this  act  shall  not  be  so  altered,  or  shall  not  have  at- 
tached thereto  such  efficient  smoke  preventives  as  to  produce  the  most 
perfect  combustion  of  fuel  or  other  material  from  which  smoke  results, 
and  so  as  to  prevent  the  production  and  emission  of  all  smoke  there- 
from so  far  as  the  same  is  possible,  or  shall  fail  to  keep  such  steam- 
boiler  furnace  for  the  preventiou  of  smoke,  and  such  smoke  preventives 
in  good  and  efficient  order  and  operation,  shall  be  subject  to  a  fine  of 
not  less  than  twenty  dollars  nor  more  than  fifty  dollars  for  the  first 
offense,  and  for  each  subsequent  offense  shall  be  fined  not  less  than 
fifty  nor  more  than  one  hundred  dollars.  And  no  steam-boiler  furnace 
shall  hereafter  be  constructed  in  any  city  of  the  first  class,  except  in 
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accordance  with  the  requirements  of  this  section,  under  the  penalty  of 
fifty  dollars  for  each  offense. 

Section  5. — Every  person  having  charge  of  the  igniting,  making, 
stoking,  feeding,  or  attending  any  such  furnace  and  any  smoke  pre- 
ventives attached  thereto  in  good  and  efficient  order  and  use,  that  the 
least  possible  smoke  shall  be  produced  and  emitted  therefrom,  and 
any  such  person  who  shall  fail  or  neglect  to  so  ignite,  make,  stoke, 
feed,  or  attend  such  furnace  fire  that  the  least  possible  smoke  shall  be 
produced  or  emitted  therefrom,  or  shall  fail  or  neglect  to  keep  such 
furnace  or  smoke  preventives  attached  thereto  in  good  and  efficient 
order  and  use,  or  shall  hinder  or  disarrange  any  such  furnace  or  smoke 
preventives  attached  thereto,  shall  be  subject  to  the  payment  of  a 
penalty  of  not  less  than  twenty  dollars  nor  more  than  fifty  dollars 
for  the  first  offense,  and  not  less  than  fifty  dollars  nor  more  than 
one  hundred  dollars  for  each  subsequent  offense. 

Section  6. — The  mayor  of  the  city  in  every  city  of  the  first  grade 
of  the  first  class  shall  appoint  a  person  of  suitable  qualificatious  as 
supervising  engineer,  who  shall  hold  his  office  for  the  term  of  two 
years,  from  and  after  the  date  of  his  appointment,  and  until  his  suc- 
cessor is  appointed  and  qualified;  and  he  shall  have  authority  to  sup- 
ervise and  require  all  steam-boiler  furnaces  in  such  city  of  the  first 
grade,  of  the  first  class  to  be  constructed,  or  if  already  constructed  to 
be  so  altered  or  have  attached  thereto  such  efficient  smoke  preventives, 
so  as  to  produce  the  most  perfect  combustion  of  the  fuel  or  other  ma- 
terial from  which  smoke  results,  and  so  as  to  prevent  the  production 
and  emission  of  all  smoke  therefrom  so  far  as  the  same  is  possible, 
and  he  shall  further  have  authority  to  supervise  the  igniting,  making, 
stoking,  feeding,  and  attending  such  steam  boiler  furnace  fires;  and  he 
shall  have  further  authority,  in  the  performance  of  the  duties  of  his 
office,  to  enter  any  steam-boiler  or  engine-room,  or  any  building  not 
occupied  exclusively  as  a  private  residence,  and  any  person  or  persons 
hindering  or  obstructing  him  in  the  performance  of  such  duties  shall 
be  subject  to  a  fine  of  not  less  than  twenty  dollars  nor  more  than  fifty 
dollars,  or  imprisoned  in  the  workhouse  for  a  period  not  exceeding 
thirty  days. 

Section  9. — The  penalty  for  any  violation  of  the  provisions  of 
this  act,  not  otherwise  especially  provided  for,  shall  be  not  less  than 
twenty  dollars,  nor  more  than  fifty  dollars,  for  the  first  offense,  and 
not  less  than  fifty,  nor  more  than  one  hundred  dollars,  for  each  subse- 
quent offense. 

Section  10. — All  acts  or  parts  of  acts  inconsistent  or  in  couflict 
with  this  act,  be  and  the  same  are  hereby  repealed. 

Section  11. — This  act  shall  go  into  effect-  and  be  in  force  from  and 
after  its  passage. 
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APPENDED    V. 

Chicago  Smoke  Ordinance. 

Section  1650. — The  emission  of  dense  smoke  from  the  smoke- 
stack of  any  boat  or  locomotive,  or  from,  any  chimney  anywhere  with- 
in the  City,  shall  be  deemed,  and  is  hereby  declared  to  be  a  public  nui- 
sance; provided,  that  chimneys  of  buildings  used  exclusively  for  resi- 
dences shall  not  be  deemed  within  the  provision  of  this  ordinance. 

Section  1651. — The  owner  or  owners  of  any  boat,  or  locomotive 
engine,  and  the  person  or  persons  employed  as  engineer  or  otherwise, 
in  the  working  of  the  engine  or  engines  in  said  boat  or  in  operating 
such  locomotive,  and  the  proprietor,  lessee,  or  occupant  of  any  build- 
ing, who  shall  permit  or  allow  dense  smoke  to  issue  or  be  emitted 
from  the  smokestack  of  any  such  boat  or  locomotive,  or  the  chimney 
of  any  building  within  the  corporate  limits,  shall  be  deemed  and  held 
guilty  of  creating  a  nuisance,  and  shall  for  every  such  offense  be  fined 
in  a  sum  not  less  than  five  dollars,  nor  more  than  fifty  dollars. 

Section  1652. — It  shall  be  the  duty  of  the  Commissioner  of  Health 
and  the  Superintendent  of  Police,  to  cause  Sections  1650  and  1651  of 
this  article  to  be  enforced,  and  to  make  complaint  against  and  cause 
to  be  prosecuted  all  persons  violating  the  same. 


THE  DEVELOPMENT   OF   TRANSPORTATION  SYSTEMS  IN  THE 

U.  S.:  FINANCIAL   POLICIES,    AND    THE    RESULTS    TO 

WHICH  THEY  ARE  LEADING. 


By  Horace  A.  Keefer,  Member  Engineers'  Club  of  Kansas  City. 


[Read  April  11,  1892,] 
There  is  perhaps  no  time  in  the  history  of  man-kind  upon  which 
there  is  more  universal  interest  exhibited  or  more  thought  directed 
by  a  nation  than  that  of  the  final  trend  of  the  great  corporations  con- 
trolling the  carrying  power  of  our  American  Highways.  To  clearly 
show  the  growth  and  importance  of  this  greatest  of  all  our  industries, 
it  will  be  necessary,  to  give  a  brief  outline  of  the  earliest  modes  of 
Transportation.  Passing  over  the  period  of  the  first  European  settlers 
who  followed  the  Indian  system  of  conveyance  by  means  of  boats  on 
natural  water  courses,  and  the  pack  train  of  which  in  1784,  contracts 
were  made  for  merchandise  to  be  transported  from  Philadelphia  to  Erie 
for  $249  a  ton,  we  arrive  in  Sept.,  1807,  to  witness  Robert  Fulton's  first 
successful  trip  with  "The  Clermont,"  on  which  steam-boat  he  made  the 
trip  between  New  York  and  Albany,  a  distance  of  150  miles  in  32  hours, 
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or  nearly  5  miles  per  hour.  About  this  time  turnpikes  were  established 
between  some  of  the  important  towns  in  Pennsylvania,  New  York,  and 
the  seaboard  cities,  and  the  rate  of  carriage  was  about  13-5  cents  per 
ton  per  mile,  and  later  on  merchandise  was  carried  in  Conestoga  wa- 
gons for  37  to  50  cents  per  100  lbs.  between  Philadelphia,  and  Columbia, 
74  miles;  and  Philadelphia,  to  Pittsburgh  for  $2.50  per  100. 

The  distance  between  Baltimore  and  Wheeling,  266  miles  was  per- 
formed in  this  manner  in  15  days  and  the  rate  on  merchandise  about  17 
cents  per  ton  per  mile  or  $44. 80  per  ton.  As  late  as  1821,  the  rate  between 
Philadelphia  and  Pittsburgh  was  as  high  as  $11.00  per  100  or  about  70 
cents  per  ton  per  mile.  Prior  to  1824  the  rate  between  New  York  and 
Buffalo  over  natural  highways  was  $100.00  per  ton,  the  cost  of  trans- 
porting cereals  say  50  lbs.,  50  miles,  was  20  cents  or  about  15  cents 
per  ton  per  mile.  The  cost  of  Transportation  in  the  south  over  pooi'er 
roads  and  when  oxen  were  used  was  double  or  about  $20.00  per  ton  for 
50  miles.  In  the  west  as  late  as  1868,  the  Government  paid  for  trans- 
porting Quartermasters'  stores  from  the  end  of  the  K.  P.  Ry.,  to  troops 
in  New  Mexico  at  the  rate  of  25  6-10  cents  per  ton  per  mile.  In  1816 
the  steamboat  charges  between  Louisville  &  New  Orleans  were  5  cents 
per  lb.  Prior  to  the  establishment  of  railroads  west  of  the  Mo.  R., 
transportation  between  it  and  Denver  was  about  1  cent  per  pound.  In 
1825,  the  Erie  Canal  was  completed  which  inspired  by  its  success  other 
states  to  construct  competing  or  connecting  lines.  This  work  was  prose- 
cuted with  vigor  until  1840.  In  1829.  Mr.  Josiah  White,  Mgr.  of  the 
Lehigh  Coal  &  Nav.  Co.,  gave  the  cost  of  transporting  coal  as  follows: 

In  boats  of  40  tons  burthen,  1  ct.  per  ton  per  mile. 

(i        a         a      Qiy      a  it  7-10       "        "         "  " 

"      "      "134    "  "        1-2      "      "      "       "and   by  transporta- 

tion by  Tram  Railway  3  55-100  cents  per  ton  per  mile.  The  tolls 
charged  by  the  New  York  Canals  from  1856  to  1872  was  from  672  mills 
per  ton  mile,  the  lowest  in  1859,  to  11-10  mills  the  highest  in  1856. 

Passenger  travel  between  1834  and  1854  by  packets  was  considered 
luxurious  and  a  distance  of  3  to  4  miles  per  hour  was  effected. 

The  first  American  Ry.,  was  probably  a  short  line  built  by  Silas 
Whitney  in  1807  on  Beacon  Hill,  Boston.  In  1820  this  had  been  fol- 
lowed by  five  other  short  lines,  mostly  of  wooden  trams.  Our  first  era 
of  Railroads  really  dates  from  1830,  at  which  time  there  was  less  than 
40  miles  in  the  United  States,  but  sufficient  changes  had  been  going  on 
in  the  last  5  years  to  change  the  prevailing   sentiment  against  them. 

In  1829  the  first  Locomotive  was  given  a  successful  trial  at 
Honesdale,  Penna. ;  such  were  the  prejudices  and  fears  at  that  time,  it 
was  hardly  possible  to  obtain  a  man  to  fire  and  run  it,  and  no  one 
could  be  induced  to  get  upon  it,  but  the  man  who  dared  connect  his 
name  with  running  the  first  Locomotive  in,  America,  Horatio  Allen. 
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In  the  period  between  1830  and  1840,  there  was  constructed  in  the 
United  States  2,264.67  miles  of  road. 

By  the  New  England  States, 356.68  miles. 

"  Maryland,  Del.,  N.  J.,  &  D.  of  C 

"  N.  Y.,  Penna.,  0.,Mich.  &  Ind 1399.89      " 

"  Southern  States, 508.10      " 

The  cost  of  constructing  1  mile  of  Granite  Ry.,  on  the  Columbia  & 
Phila.  Ry.,  in  1832  was  $10,179  per  mile;  on  the  Mine  Hill  &  Schuylkill 
Haven  Ry.,  in  1831,  $12,000.  It  was  demonstrated  before  the  open- 
ing" of  this  decade  that  where  Railways  came  into  competition  with 
canals,  the  charges  must  be  1  cent,  per  ton  a  mile  or  under,  and  this 
prevented  exorbitant  rates  to  start  with. 

The  early  reduction  in  charges,  even  where  there  was  abundance  of 
tonnage,  was  greatly  retarded  on  the  early  railroads  by  the  lack  of 
equipment  of  sufficient  size  or  power,  and  their  movement  over  imper- 
fectly constructed  lines.  In  1838  the  average  charges  on  8  of  the  prin- 
cipal roads  in  this  country,  was  about  7  1-2  cents  per  ton  per  mile,  the 
lowest  charges  being  on  the  Baltimore  &  Western,  4  cents,  and  the 
highest,  Boston  &  Providence  10  cents,  the  striking  contrast  of  these 
figures,  showing  a  very  bad  management  or  enormous  profits  to  the 
Transportation  Companies.  The  State  of  Penna.  after  careful  and  close 
calculation  in  the  same  year,  came  to  the  conclusion  that  12  mills  per 
ton  per  mile  would  cover  all  expenses  for  a  train  of  20  cars  loaded, 
transportation  costing  8  mills,  leaving  for  supervision,  maintenance 
and  repairs  4  mills.  It  was  due  to  these  excessive  charges  at  this  time, 
that  the  New  York  Legislature  going  deeply  into  this  important  ques- 
tion, decided  very  incorrectly,  (for  there  were  lobbyists  in  the  interests 
of  contractors,  who  exaggerated  and  padded  reports  of  roads  unfavor- 
bly  located,)  that  cheap  transportation  could  never  be  expected  from 
Railways,  which  thereby  stimulated  the  development  of  the  construc- 
tion of  Canals  which  lasted  until  '62. 

However,  as  all  revolutions  whether  arising  from  an  economic  or 
political  emergency,  seem  to  create  men  able  to  grasp  the  situation 
and  with  conspicuous  energy  and  self-reliance,  demonstrate  facts  to  a 
straddling  community,  one  appeared  in  this  instance  in  the  person  of 
Mr.  J.  Edgar  Thompson,  Chf.  Eng.  of  the  Ga.  Ry.  &  Bnk.  Co.  This  line 
had  been  constructed  under  his  management,  and  had  in  1840  begun  a 
prosperous  career.  In  his  annual  report  Mr.  Thompson  made  use  of  the 
following,  which  at  this  time  exercised  a  marked  influence,  and  has  ad- 
ded no  little  to  immortalize  his  great  and  successful  career.  He  said, 
;iI  can  now  state  with  confidence, that  whenever  the  Transportation  is 
of  a  mixed  character  such  as  agricultural  products,  general  merchandise 
and  passengers,  sufficiently  large  to  justify  the  construction  of  a  good 
road,   Railroads  will  be  found  to  be  not  only  the  most  expeditious,  but 
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cheapest  artificial  medium  of  conveyance  at  present  known."  Had  his  re- 
marks invited  the  close  inspection  and  scrutiny  into  the  great  interests 
involved,  which  even  at  that  time  they  seemed  to  merit,  an  immense 
waste  of  the  peoples'  money  could  have  been  saved  and  applied  as  it 
afterwards  was  to  the  careful  construction  of  railways.  The  extent  of 
the  enormity  of  this  outlay  is  realized,  when  we  face  the  fact  that  the 
aggregate  length  of  Canals  abandoned  in  1880,  was  1953  1-2  miles 
and  had  cost  $45,013, 166,  or  $22,529  per  mile,  which  if  judiciously  ex- 
pended would  have  built  at  that  time  about  3500  miles  of  Railroads. 
Instead,  however,  it  seemed  to  stimulate  the  development  of  me  wa- 
ter-ways, which  resulted  in  bitter  rivalry,  the  end  of  which  we  are 
all  familiar.  We  must  not  here  lose  sight  of  the  tremendous  construc- 
tion of  Canals  as  a  factor  for  cheapening-  rates,  but  the  fact  that  they 
were  cheapened  and  the  substantial  existence  and  financial  success  of 
Rys.,  well  constructed,  favorably  located,  and  ably  managed,  mark  a 
great  epoch  in  Industrial  Triumphs.  As  canals  are  a  thing  of  the  past, 
I  will  not  devote  any  time  upon  discussing  their  causes  of  failure,  but 
deal  with  the  rapid  development  of  our  Railroads. 

There    was  at  the  close  of  1850,  8590  miles  of  railways  in  operation 
in  the  United  States,  representing  an  aggregate  cost  of  $296,660,148,  or 
an  average  of  $34,539  per  mile.      Average  cost  grouped  as  follows: 
In  the  New  England  States  the  cost  per  mile  was  about  $40,000. 

"    "   Middle  Atlantic    "        "      "      "       "        "        "        48,000. 

"    "    South  Atlantic    "       "      "      "       "        "        "        23,000. 

u    ti    Gu]f  <<       <<      u      «       u        u        <<        18,500. 

"    "    Interior  "        "      "      "       "        "        "         20,000. 

Taking  into  consideration  the  character  of  countries  traversed  in  the 
different  sections  above  represented,  and  the  cost  of  labor  and  material, 
there  seems  but  one  conclusion  left  to  us,  viz:,  while  the  pioneer 
was  struggling  for  a  new  home  and  the  South  was  investing  in  slaves 
and  picking  cotton,  the  shrewd  unscrupulous  speculator  was  plucking 
the  earings  and  savings  of  all  whom  he  could  get  to  buy  his  watered  se- 
curities. In  the  early  history  of  the  American  railways  enterprises  the 
most  popular  custom  of  providing  means  for  their  construction,  was 
for  the  respective  states  to  advance  loans  or  obligate  themselves  for  a 
funded  indebtedness;  but  no  few  were  built  with  stock  or  personal  sub- 
scriptions, this  being  the  case  in  some  of  the  more  important  New  Eng- 
land roads  and  the  Pennsylvania  railways.  And  it  may  be  remarked 
here,  that  whenever  the  people  subscribed  for  a  public  enterprise,  and 
what  seemed  a  common  necessity  in  which  all  were  interested  in  a 
general  rather  than  an  individual  way,  and  the  money  raised  was  suf- 
ficient only  for  the  purposes  intended,  the  results  have  been  wonder- 
fully satisfactory. 

Shortly  after  1850,  ideas  were  advanced,  that,  after  half  the  cost  of 


336  ASSOCIATION  OP  ENGINEERING  SOCIETIES. 

a  road  had  been  contributed  by  States,  Counties,  Cities  etc.,  or  by 
bona-fide  stock  holders,  it  was  a  prudent  policy  to  issue  Bonds  to  cover 
the  remaining  cost;  this  tendency  of  lessening  the  degree  of  fidelity, 
with  which  the  full  amount  of  capital  stock  was  paid  into  the  treasury 
of  Bonded  Companies,  the  loss  to  the  unfortunate  investor  has 
been  the  result,  in  too  many  cases,  and  caused  the  failure  of  many  en- 
terprises. 

The  policy  adopted  by  the  several  states,  promoted  for  the  most 
part  by  unscrupulous  politicians,  who  had  only  the  one  end  to  meet, 
(that  of  personal  remuneration)  proved  conspicuously  disastrous,  (with 
perhaps  one  exception,  the  State  of  Michigan,)  Illinois  narrowly  es- 
caping bankruptcy,  and  ending  finally  with  a  debt  balance  of  $6,000,000 
for  her  experience.  Notwithstanding  tlie  excessive  strains  under  which 
the  roads  were  operated  in  the  5th  decade,  due  to  financial  panic  of  '37, 
collapse  of  state  credit  and  inadequate  means,  they  were  as  a  rule 
profitable  to  their  promoters,  paying  from  5  to  20  per  cent,  dividends 
on  their  stock.  These  favorable  figures  seem  particularly  significant, 
as  a  result  of  earnings  from  short  lines,  which  continued  to  do  remark- 
ably well  during  their  independent  existence.  As  for  example:  a  trip 
from  Albany  to  Niagara  Falls  in  1849,  a  distance  of  348.7  miles  was  ac- 
complished by  traveling  over  8  independent  lines,  the  largest  of  which 
was  78  miles  and  the  shortest  16. 9  miles.  The  lowest  net  revenue  on 
the  cost,  being  62  per  cent,  on  the  Albany  &  Schenectady,  which  cost 
$94,985  per  mile,  the  highest  on  the  Utica&  Schenectady,  16.4  per  cent. 
on  a  cost  of  $41,384;  the  average  for  the  total  mileage  being  12.2  per 
cent,  while  on  the  other  hand,  the  New  York  &  Erie  completed  about 
this  time,  represented  483  miles,  proved  a  Waterloo  for  its  promotors 
and  investors.  As  a  comparative  result,  between  transportation  at 
this  time  over  rail-ways  and  earth  roads,  I  find  a  government  official 
document  written  in  1852  gives  the  following  table:  showing  the  limit- 
ed space  over  which  wheat  and  corn  can  be  transported  as  compared 
with  railways  at  \y2  cts.  per  ton  per  mile. 

Mr.  Henry  C.  Carey  published  a  statement  of  Passenger  Fares, 
Jan'y.,  1848,  embracing  every  line  in  the  union,  north  of  Baltimore  and 
east  of  Ohio,  except  the  Camden  &  Amboy,  in  which  the  average  fares 
charged,  was  only  2.85  per  mile,  the  average  for  first  class  fares 
in  the  United  States  being  3.6  cts.  per  mile  and  the  average  cost  of  all 
freight  movement,  including  1st.  &  2nd.  class,  being  7.56  cts.  per  ton 
per  mile. 

From  1850  to  1860.  The  wonderful  progress  of  construction  in  this 
period  marks  an  epoch  in  the  history  of  Transportation  facilities  of  the 
country :  before  1860  the  amount  of  traffic  by  water  exceeded  that  of 
rail;  after  it  was  radically  changed,  and  has  since  continued  to  grow 
largely  in  favor  of  the  cars.     In  1860,  the  railway  mileage  in  the  U.  S. 
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Value  Per  Ton  at  Market.* 


TRANSPORTATION  BY  RAILWAY 
@  1-A-  CENTS  PER  TON  PER  MULE. 

TRANSPORTATION  BY  ORDINARY 
HIGHWAYS. 

JULES TO 
MARKET. 

WHEAT. 

CORN. 

WHEAT. 

CORN. 

$49.50 

$24.75 

$49.50 

$24.75 

20 

49.20 

24.45 

46.50 

21.75 

40 

48.90 

24.15 

43.50 

18.75 

60 

48.60 

23.85 

40.50 

15.75 

80 

48.30 

23.55 

37.50 

12.75 

100 

48.00 

23.25 

34.50 

9.75 

150 

47.25 

22.50 

27.00 

2.25 

300 

45.00 

20.25 

4.50 

*Wheat,  $1.50  ner  bushel,  Corn,  75  cents  per  bushel, 
had  increased  from  8,589  miles  in  1850  to  30,793,  and  swelling  the  cost  of 
constructionfrom  $296,660,148,  to  $1,151,560,829,  a  tremendous  absorp- 
tion in   one  industry. 

This  era  will  ever  be  noted  for  the  completion  of  the  links  between 
the  principal  Eastern  seaboards  and  the  Great  West.  Particularly 
with  lines  as  far  as  the  Mississippi  River  which  either  crossed  or  flank- 
ed the  great  barrier,  the  Allegheny  Mts. ,  as  well  as  parallelling  the 
water-way.  It  was  during  this  period  that  some  of  the  great  trunk 
lines  west  of  the  Mississippi  had  their  birth,  the  C.  &  A.,  C.  B.  &.Q. , 
C.  M.  &  St.  P.,  C.  &  N.  W.,  C.  R.  I.  &  P.,  111.  Cent.  &  Wabash,— all 
were  operating  lines  from  220  to  705  miles  in  length. 

As  the  result  of  the  enormous  increase  to  our  mileage  in  the  6th. 
decade,  we  had  two  panics,  1854  and  1857,  and  created  a  veiw  bitter  and 
permanent  competition  between  rail  and  water  companies;  the 
popular  theories  of  the  panics  being  the  large  sums  invested  in  unpro- 
fitable lines,  delays  in  securing  Legislative  authority  to  raise  funds  on 
2nd.  Mortgage  Bonds,  and  hostilitities  in  Europe.  The  tendency  to 
construct  Roads  on  borrowed  capital  and  solicit  subscriptions  of  cities 
and  counties  began  to  be  such  a  source  of  evil,  that  some  states  pro- 
hibited it.  And  Railroad  building  has  drifted  as  a  result  of  these  evils 
into  a  financial,  not  a  mechanical  profession,  in  other  words,  how  much 
can  the  promotor  manipulate  for  himself,  not  what  the  engineer  says, 
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it  can  safely  earn  on  an  economic  construction.  I  venture  to  say  if 
every  railroad  that  had  a  speculative  element  in  it  had  been  prohibited 
as  it  should  have  been  from  the  start,  we  should  have  had  many  miles, 
less,  scarcely  any  that  would  not  pay  well  for  the  money  invested, 
and  still  had  ample  for  our  increasing  wants. 

The  substitutiou  of  T  for  Edge  rails  and  Coal  burning-  Locomotives 
for  wood  burners,  were  also  features  of  the  6th  decade.  Taking  the 
Pennsylvania  Ey.,  as  an  example  of  a  well  managed  Road,  during 
this  period  the  tonnage  and  average  freight  rate  is  represented  as  fol- 
lows: 

1855  Tons  moved  1  mile  102,171,312— frt.  per  ton  per  mile  2.746  ct. 

1859  "  "  1  "  180,333,140  "  "  "  "  "  2.027  ". 
Showing  a  material  decrease  in  rates  each  year. 

The  dividend  earning  roads  were  mostly  confined  to  the  New  Eng- 
land, Atlantic  &  Trunk  Lines  of  the  N.  W. 

7th  Decade,  1860  to  1870. 

Owing  to  internal  strifes  and  the  great  demand  for  money  for  war 
purposes,  this  is  the  first  period  in  the  history  of  American  construc- 
tion when  a  greater  addition  to  its  mileage  was  not  recorded  over  the 
previous  decade.  The  amount  being  16,090 miles  against  20,109  for  the 
10  years  ending  with  1859.  The  total  cost  of  the  48,860  miles  of  rail- 
roads in  1870  was  $2,212,412,719 or  $45,231  per  mile;  the  highest  ¥51,679 
in  the  Middle  Atlantic  States,  and  lowest  $24,129  in  the  South  Atlantic. 
While  some  connecting  lines  had  consolidated  prior  to  1860,  it  was  dur- 
ing the  7th  decade,  that  it  became  a  marked  and  almost  leading  feat- 
ure. The  commencement  of  substituting  steel  for  iron  rails,  thereby 
permitting  heavier  equipment,  was  a  leading  and  permanent  improve- 
ment in  this  decade. 

8th  Decade,  1870  to  1880. 

Mileage  constructed  41,452.  Total  in  U.  S.  84,964  miles.  This  peri- 
od not  only  exceeded  that  of  any  other,  but  formed  nearly  half  of  all 
the  mileage  in  the  country  up  to  that  time. 

The  most  important  stimulus  during  this  time  was  the  general 
abandonment  of  the  custom  of  calling  for  stock  subscriptions  for  a 
large  portion  of  the  cost,  the  willingness  of  Europe  to  take  the 
Construction  Companies  Bonds,  and  the  desire  for  competing  lines, 
which  induced  many  states  to  enact  free  Railroad  laws,  widening  the 
fields  for  speculation.  The  famous  panic  of  1873,  largely  retarded  tha 
construction  of  lines  in  this  decade,  probably  cutting  down  the  mileage 
several  thousand.  It  was  during  this  decade  popular  antagonism  to 
land-grant  roads,  crystallized  into  hostile  legislation;  which,  coupled 
with  fierce  rivalries  and  the  Jay  Cooke  failure,  forced  many  roads  into 
receiverships  and  bankruptcy . 

The  great  evil  arising  from  the  over  capitalization  of  many  roads 
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is  shown  ia  the  fact,  that  in  1870,  the  dividend  earning  capacity  of  44,- 
614  miles  operated,  with  a  capital  and  funded  debt  of  $2,664,627,645 
was  a  very  trifle  over  2  per  cent,  which  decreased  in  '77  &  '78  to  a  trifle 
over  1  per  cent,  on  the  capitalization,  and  in  1880,  92,146  niiles  repre- 
senting $4,897,401,907  paid  dividends  only  of  1  59  per  cent.  When  it  is 
understood  that  nearly  2.3  of  the  aggregate  in  ton  miles  was  perform- 
ed by  only  28,693  miles  of  road  located  in  N.  Y.,  Penna. ,  Ohio,  Michi- 
gan, Indiana,  Maryland,  Delaware  &  New  Jersey,  and  that  the  number 
of  tons  carried  daily  over  the  entire  length  of  road  in  this  group,  aver- 
aged 975,  as  against  41  to  325  in  other  sections,  the  fact  is  clear  that 
those  investing  in  western  and  southern  securities  had  unbounded  con- 
fidence in  the  rapid  developments  of  those  sections,  and  that  the  above 
mentioned  group  received  only  1.02  cts. ,  per  ton  per  mile  on  freight,  and 
2.21  cts.,  for  passengers  carried  in  1880,  they  paid  as  a  rule  larger  divi- 
dends than  roads  receiving-  50  and  100  per  cent,  more  freight,  even  when 
the  lines  were  well  located.  We  must  not  lose  sight  of  the  great  effi- 
ciency and  comforts  of  travel  effected  in  this  decade  by  the  advent  of  the 
Westinghouse  Air  Brake,  the  general  adopti'on  of  steel  rails,  heavier 
and  better  equipment,  which  enabled  more  speed  and  heavier  trains 
with  less  danger,  and  the  use  on  Trunk  Lines  of  Pullman  and  Wagner 
sleepers. 

9th.  Decade  from  1880  to  1890. 

If  the  8th.  Decade  caused  us  to  look  with  wonder,  the  progress  of 
the  development  in  the  9th.  is  truly  astonishing,  there  being  on  June  30, 
1890,  163,597  miles  completed  railways,  an  increase  of  78,633  miles  or 
nearly  one  half  of  all  the  mileage  in  the  country,  repeating  again  the 
same  ratio  as  between  1870  and  1880;  shall  we  not  conclude  here,  in  face 
of  these  figures,  we  have  probably  reached  the  maximum  of  the  devel- 
opment of  this  great  industry  in  any  one  decade,  and  like  the  develop- 
ment of  the  great  kindred  industry  "Iron",  pause  awhile  to  catch  up? 

We  are  all  familiar  with  the  principal  features  of  this  decade 
bearing  on  Railroads;  how  the  sharp  competition  and  general 
tendency  to  cheapen  rates  (which  seemed  long  enough  before)  have 
been  met  by  the  managements,  with  Traffic  Associations,  pooling 
agreements,  and  consolidation  of  parallel  and  competitive  lines;  and, 
combatted  by  the  public  through  State  and  Government  Commissions 
in  which  both  just -and  unjust  laws  have  been  enacted,  as  a  safe-guard 
to  what  the  citizen  deems  dangerous  monopoly.  The  question,  "Are 
our  Railroads  Profitable?"  is  conclusively  answered  by  the  Report 
recently  published  by  "The  Inter  State  Commerce  Commissions," 
which  shows  for  the  year  ending  June  30,  1890,  156,404  miles  of  road 
paid  in  dividends  $89,688,201,  on  an  actual  capitalization  of  $9,437,353,- 
372  or  95.100  of  1  per  cent.;  whereas  if  the  roads  were  capitalized  for 
their  earning  capacities  on  a  basis  of  5  per  cent,  to  the  investor  the 


340  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

above  mileage  would  be  valued  at  $6,627,461,681.  The  actual  capitali- 
zation of  Roads  represents  $60,681  per  mile.  Can  any  one  doubt  of  the 
ability  of  this  amount  per  mile  to  earn  an  honest  dividend?  And  shall 
we  ask  for  further  reasons  for  hard  times  when  we  have  such  an  enor- 
mous sum  earning  nothing  for  the  investor? 

General  Horace  Porter  in  a  letter  to  the  North  American  Review 
for  Dec,  '91,  is  authority  for  the  statement  that  "the  average  passen- 
ger rate  per  mile  has  fallen  from  over  3  cents  in  1870  to  2.12  cents,  in 
1890.  The  average  freight  rate  per  ton  per  mile  has  fallen  in  the  same 
period  from  over  2  cents  to  .93  cents  (this  is  exclusive  of  excursion  and 
commutation  rates,  which  if  included  would  bring  the  figure  to  some- 
thing like  i  cent  per  mile,)  It  may  be  interesting  here  to  show  a 
comparison  of  rates  with  European  Countries. 

Class. 
1st.  2nd.  3rd.  class 

United  Kingdom 4.42  3.20  1.94 

France 3.86  2.88  2.08 

Germany 3. 10  2.32  1.54 

United  States 2.12 

The  freight  rates  in  U.  S.  are  about  5^8  of  those  charged  on  the  con- 
tinent of  Europe,  and  a  little  less  than  half  of  those  which  prevailed  in 
Great  Britain. 

There  seems  but  one  opinion  from  those  who  have  felt  the  pulse  of 
the  great  money  centers  abroad,  that  if  a  uniform  remunerative  rate 
could  be  maintained,  the  favorite  investment  of  all  would  be  American 
Railway  Securities,  in  stocks  (as  well  as  bonds)  where  roads  have  issued 
them  on  a  fair  basis  of  their  earning  capacities,  or  actual  cost.  The 
tendency  has  unfortunately  been  to  discount  the  future,  and  the  trying 
emergencies  of  the  last  few  years  has  been  a  bitter  lesson  and  example 
of  the  evils  arising  from  inflated  values,  which  has  caused  stocks  to 
greatly  decline,  resulting  in  Europe  sending  back  our  securities  in 
place  of  giving  us  gold  for  our  cereals,  of  which  she  so  largely  bought 
this  year.  The  only  consolation  of  which  is,  we  may  be  able  to  carry 
them,  until  such  a  time  that,  owing  to  their  better  showing,  we  may 
sell  them  back  at  a  good  profit,  and  invest  the  surplus  in  new  and 
heavier  rails,  equipment  and  general  betterments  which  the  emergen- 
cies of  this  decade  demand.  It  is  to  be  regretted,  that  while  the  roll- 
ing stock  is  doubled  in  capacity  and  weight,  the  road  bed  has  by  no 
means  kept  pace  with  it,  and  I  am  quite  certain  the  large  percentage 
of  accidents  lately,  is  due  to  this  more  than  any  other  cause. 

Having  completed  a  brief  history  of  the  greatest  industry  this  coun- 
try to-day  possesses,  and  the  most  vital  as  to  the  necessities  and  com- 
forts of  the  people,  let  us  reflect  on  the  results  as  they  appear  to-day. 

There  is  much  to  be  said  in  favor  of  the  combination  as  it  now  exists; 
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through  rates,  and  cars  without  change,  insuring  rapid  transit,  increas- 
ed responsibilities,  which  has  produced  more  cautious  policies,  and  as 
a  result  cheapening  of  rates,  are  all  strong  arguments  in  its  favor. 
But  the  fact  that  the  people  are  in  arms  against  it  and  will  force  the 
issue  at  no  distant  day,  dooms  it.  The  dissolving  recently  of  the  Stand- 
dard  Oil  Co.,  the  Beam  Combination,  and  the  heavy  pressure  now 
brought  to  bear  on  the  sugar,  whiskey  and  like  associations,  will  make 
their  disruption  only  the  more  disastrous  and  conspicuous  the  longer 
they  maintain  the  fight.  Michigan  has  ever  been  noted  for  her  prompt- 
ness and  activity  in  adopting  measures  bearing  directly  with  the  com- 
mon necessities  of  her  citizens,  and  at  a  meeting-  of  the  State  Grange 
there  last  December,  it  was  recommended  that  a  road  be  declared  in- 
solvent and  a  Receiver  appointed,  whenever  the  value  of  the  road  is 
exceeded  by  50  per  cent,  of  the  outstanding  Bonds  and  the  face  value  of 
Stock  issued,  and  to  prevent  future  over  capitalization,  it  is  suggested 
the  Commissioners  supervise  the  issue  of  Stock  and  Bonds,  and  limit 
the  face  value  of  the  Stock  to  the  estimated  cost  of  road  and  equip- 
ment, and  require  the  tariff  schedule  to  be  lowered  whenever  the  an- 
nual earnings  of  the  road  exceed  6  per  cent,  of  its  stocks  and  bonds. 

"In  the  review  of  current  events  preceding  a  sermon  in  Association 
hall,  New  York,  March  13,  Rev.  Thos.  Dixon  discussed  the  question  of 
the  governmental  control  of  Coal&  Iron  Industries,  he  said:  "Among 
the  recent  decisions  of  the  supreme  court  of  the  United  States  of  far 
reaching  importance,  is  the  one  affirming  the  legality  of  the  grain  ele- 
vator statute  of  New  York.  This  law  regulated  the  price  of  elevating 
and  storing-  grain.  It  was  attacked  on  the  ground  that  such  a  regula- 
tion was  an  unconstitutional  interference  with  private  business.  The 
supreme  court  holds  that  any  business  affected  with  a  public  interest 
is  subject  to  the  regulation  or  control  of  the  state,  and  that  elevating 
grain  is  a  business  of  this  kind. 

A  Just  Decision.  This  is  a  dishonest  progress  in  the  history  of  the 
role  of  government  in  the  world's  commerce.  The  supreme  court  has 
risen  to  the  occasion  of  a  new  century's  needs  and  rights  in  this  just 
decision.  We  do  not  pretend  to  say  that  for  a  moment  we  believe 
that  our  fathers  dreamed  of  such  a  law  being  possible  under  the  con- 
stitution they  made.  Neither  did  they  dream  of  many  other  things 
that  have  come  to  pass  of  the  necessities  of  anew  life  and  a  new  civ- 
ilization under  that  constitution.  This  principle,  as  affirmed  by  the 
highest  judicial  tribunal  of  the  world,  is  the  entering  wedge  of  the 
social  revolution  toward  which  we  are  being  driven  with  resistless 
power.  There  can  possibly  be  no  limitation  to  its  application  at  last 
to  every  business  that  touches  the  public  life,  linked  either  as  cause  or 
effect  to  the  co-operative  energy  of  the  community. 

Failure  Of  Private  Control.     More  and  more  is  society  forced  to 
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pronounce  the  management  of  its  public  business  by  private  power  a 
failure,  and  a  menace  to  the  life  of  the  community.  The  railroad 
problem  has  created  the  interstate  commerce  commission,  which  is  a 
temporary  and  ineffectual  make  shift  between  private  ownership  and 
ultimate  governmental  control". 

If  you  bond  your  house,  farm  or  any  personal  or  real  property  for 
what  it  cost,  do  you  suppose  you  could  find  an  idiot  stupid  enough  to 
loan  you  the  amount  on  stock  based  on  its  earning-s  capacity,  which 
scarcely  pays  its  funded  obligations?  Such  things  cannot  exist  except  in 
rare  cases,  why  is  it  more  reasonable  for  the  people  to  be  asked  to  pay 
railroads  on  their  enormous  padded  capitalization?  They  won't  do  it, 
and  the  next  step  will  go  farther  than  the  recommendation  of  the 
'•Michigan  Granger",  and  limit  the  earnings  to  5  or  6  per  cent  on  the 
cost  of  construction,  which  is  as  it  should  be.  It  is  hard  to  say  just 
how  much.f urther  the  public  will  be^blinded  in  this  matter,  and  when 
the  issue  comes,  it  is  sure  to  be  decisive,  and  no  amount  of  doctoring 
or  evasions  will  avail,  once  the  tide  turns.  There  may  appear  serious 
objections  to  us  now,  in  popular  or  government  control  of  such  a  vast 
enterprise,  but  when  the  harness  is  tried  we  will  find  like  all  other 
measures  for  the  good  of  the  whole  people,  it  will  adapt  itself  to  our 
needs  and  wants,  and  there  will  still  be  very  much  need  of  able  Rail- 
way managers,  who  will  not  be  selected  for  their  abilities  of  borrow- 
ing millons.  We  have  built,  borrowed  and  developed  our  country  at 
a  rate  unheard  of  in  civilization,  we  must  pay  back  and  weed  out  and 
economize,  we  are  deeply  "in  it"  now,  and  most  of  us  praying  for  the 
end  which  does  not  come. 

We  of  the  west,  have  justly  earned  the  reputation  of  energetic  and 
industrious  citizens,  and  as  a  rule  are  entitled  to  it.  There  is  no  ques- 
tion about  our  energy,  nor  does  there  seem  to  be  any  limit  as  to  our 
ambition;  our  gold  line  is  placed  so  conspicuously  high  and  promi- 
nent, that  it  seems  little  less  than  that  a  miracle  must  be  performed  to 
bring  even  a  few  of  us  within  its  outer  lines,  or  place  us  in  a  position 
to  see  only  the  unfinished  splendor  of  the  great  undertaking  as  planned 
and  outlined  by  the  architects  of  this  decade.  Whatever  the  channel 
to  be  spanned,  or  difficulties  that  may  be  encountered  in  attaining  a 
desired  result,  there  seems  little  to  fear  that  the  ingenuity  and  perse- 
verance of  the  Engineer  will  not  supply  directly  the  want  is  felt. 
Measuring  his  attainments  by  the  wonderful  achievements  of  the  last 
score  of  j'ears,  we  shall  doubtless  in  the  next,  need  neither  mule,  boat 
or  locomotive  to  aid  transportation  of  body  or  products,  but  on  downy 
cushions  amidst  sunshine  and  clouds,  in  warm  or  cool  latitudes,  at  our 
will,  without  the  interference  of  Railway  Commissioners,  peacefully 
construct  our  own  air-way  on  lines  laid  out  and  projected  at  will,  in 
which  shall  appear  no  reverse  curves  or  heavy  grades;  then  may  we 
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hope  to  have  taken  from  the  millionaire  speculator  his  mace  and  jim- 
my by  which  means  he  has  forced  the  too  insecui'e  vaults  of  the  peo- 
ples' wealth,  and  with  grappling-  hook  and  telescope  dredge  up  the 
sunken  wrecks  and  fly  with  them  into  a  new  era  of  regeneration  and 
prosperity,  based  on  level  lines,  just  and  equal  administration;  the 
ticket  for  passage  bearing  the  stamp  "This  is  a  man." 
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PROCEEDINGS. 


BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


April  25th  1892: — A  regular  meeting  was  held  at  the  Rogers  Build- 
ing. Massachusetts  Institute  of  Technology,  Boston,  at  19:45  o'clock. 

Thirty-eight  members  and  seventeen  visitors  present. 

President  Henry  Mauley  on  calling  the  meeting  to  order,  spoke  sub- 
stantially as  follows: 

In  assuming  the  duties  of  the  office  to  which  you  have  elected  me  I 
desire  to  return  my  most  grateful  thanks  for  the  honor  conferred.  The 
election  to  the  highest  office  in  the  gift  of  this  large  and  powerful  organi- 
zation of  Civil  Engineers  is  no  light  honor.  I  appreciate  it  fully,  and  say 
frankly  that  I  am  very  proud  of  it. 

The  Society  is  in  sound  financial  condition,  no  member  of  it  is  in  ar- 
rears for  dues.  We  have  accumulated  funds  amounting  to  between  four 
and  five  thousand  dollars,  and  no  debts. 

Our  resources  for  professional  papers  are  large.  From  our  members 
and  from  gladly  helping  friends  we  can  draw  the  best  and  latest  informa- 
tion upon  every  variety  of  engineering  work,  and  the  best  and  latest  re- 
sults of  scientific  investigation  and  discovery  in  all  allied  branches  of  Sci- 
ence. 

Our  greatest  and  most  pressing  need  is  a  Society  home.  I  believe 
that  the  time  has  come  for  this  matter  to  be  taken  in  hand  in  earnest.  I 
believe  that  the  resources  of  the  Society,  and  the  individual  resources  of 
its  members,  fully  warrant  us  in  immediately  taking  steps  to  that  end. 

Gentlemen,  the  Boston  Society  of  Civil  Engineers  has  come  to  Boston 
to  stay,  and  it  wants  a  house  to  live  in.    Shall  it  have  it? 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs,  Harry  B.  Burley,  Charles  W.  Gay,  William  S.  Johnson,  Frank 
M.  Sherman,  and  Frank  E.   Winsor,  were  elected  members  of  the  Society. 

The  Secretary  reported  for  the  Board  of  Government  that  it  had  voted 
to  continue  the  several  special  committees  of  the  Society  and  had  se- 
lected the  membership  thereof  as  follows: 

On  Weights  and  Measures:— A.  E.  Burton,  L.  F.  Cutter  and  H.  A. 
Phillips. 

On  Nationul  Public  Works:  W.  E.  McClintock,  L.  F.  Rice  and  Sidney 
Smith. 

On  Highway  Bi*idges:—J.  E.  Cheney,  D.  H.  Andrews  and  E.  S.  Shaw. 

On  the  Library:— F.  W.  Hodgdon,  S.  E.  Tinkham,  H.  D.  Woods, 
X.  H.  Goodnough  and  J.  H.  Stan  wood. 

On  Excursions:— J.  R.  Freeman.  F.  P.  Spalding,  G.  T.  Sampson, 
F.  V.  Fuller  and  F.  W.  Dean. 

The  Secretary  submitted  for  the  Board  of  Government  the  following 
recommendations  and  upon  motions  they  were  severally  adopted: — 
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That  the  sum  of  $200,  expended  from  the  permanent  fund  for  current 
expenses,  be  restored  thereto  from  the  current  fund. 

That  the  Treasurer  be  authorized  to  deposit  the  funds  of  the  Society 
with  the  Old  Colony  Trust  Co. 

That  the  President  be  authorized  to  appoint  a  committee  of  three  to 
aid  the  Massachusetts  Commission,  World's  Columbian  Exposition  in  se- 
curing a  creditable  exhibit  in  the  department  of  civil  engineering. 

The  President  appointed  as  the  committee,  Messrs.  J.  R.  Freeman, 
Fred.  Brooks  and  H.  D.  Woods. 

Mr.  E.  P.  Dawley,  Chief  Engineer,  N.  Y.,  P.  &  B.  R.  R.,  was  then  in- 
troduced and  read  a  paper  prepared  by  Mr.  J.  A.  McNicol,  C.  E.  of  Provi- 
dence describing  several  forms  of  solid  or  ballast  floors  for  bridges.  Mr. 
Dawley  supplemented  the  paper  with  a  very  full  account  of  the  railroad 
bridges  recently  built  on  the  N.  Y.,  P.  &  B.  R.  R.,  and  exhibited  a  large 
number  of  photographs  of  the  work. 

Mr.  Albert  H.  Howland  read  brief  extracts  from  a  paper  prepared  by 
him  on  portal  bracing  for  bridges. 

Mr.  James  H.  Stanwood  submitted  a  straight-line  formula  for  calcu- 
lating- the  strength  of  yellow-pine  posts  and  compared  it  with  the  common 
formula  in  use. 

After  passing  a  vote  of  thanks  to  Mr.  Dawley  and  Mr.  McNicol  for 
their  interesting  papers,  the  Society  adjourned. 

S.  E.  Tinkham,  Secretary. 

May  18th  1892:— A  regular  meeting  was  held  at  the  Rogers  Building, 
Massachusetts  Institute  of  Technology,  Boston,  at  20  o'clock. 

President  Henry  Manley  in  the  chair. 

Forty-Six  members  and  fourteen  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Loammi  F.  Baldwin,  William  B.  Fuller,  Horace  G.  Holden 
and  George  C.  Whipple  were  elected  members  of  the  Society. 

The  President  announced  the  death  of  Mr.  M.  G.  Grant,  a  member  of 
this  Society,  which  occurred  May  10,  1892,  On  motion  of  Mr.  Howe,  the 
President  was  requested  to  appoint  a  committee  to  prepare  a  memoir. 

The  President  appointed  Mr.  Thomas  Doane. 

The  Secretary  read  a  memoir  of  Sophus  Haagensen  prepared  by 
Messrs.  Lawrence  Bradford  and  T.  T.  Hunter  Harwood,  a  committee  of 
the  Society. 

On  motion  of  Mr.  Fuller  it  was  voted;  That  the  thanks  of  the  Society  be 
extended  to  Mr.  J.  R.  Kendrick,  General  Manager  of  the  Old  Colony  Rail- 
road, also  to  Messrs.  E.  P.  Dawley,  G.  B.  Francis,  W.  D.  Bullock,  J.  V. 
Dart  and  other  engineers  of  Providence  associated  with  members  of  the 
Society,  for  courtesies  shown  on  the  occasion  of  its  excursion  to  Provi- 
dence, May  18,  1892. 

On  motion  of  Mr.  FitzGerald  it  was  voted:— That  the  Secretary  be 
authorized  to  procure  an  album  in  which  to  place  the  portraits  of  deceased 
members  of  the  Society. 

Mr.  Francis  W.  Dean  was  then  introduced  and  read  a  paper  on  Com- 
pound Locomotives. 

Mr.  James  H.  Stanwood  exhibited  a  number  of  specimens  taken  from 
bridges  and  other  iron  structures  showing  the  injurious  effect  of  rust  and 
gave  an  account  of  various  paints  and  other  preparations  which  have 
been  used  to  prevent  this  corrosion. 

Adjourned.  S.  E.  Tixkham,  Secretary. 
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ENGINEERS'  CLUB  OF  ST.  LOUIS. 


365th.  Meeting,  May  6th  1S92:— The  club  met  at  8  P.  M.  at  the 
club  rooms.  President  Johnson  in  the  chair,  and  22  members  and  3  visitors 
present. 

In  the  absence  of  the  Secretary,  Prof.  Wheeler  acted  as  Secretary- 
pro  tem. 

The  minutes  of  the  364th  meeting  were  read  and  approved. 

The  paper  of  the  evening  was  then  read  by  Prof.  C.  C.  Brown  of  Un- 
ion College,  New  York,  on  the  "Pollution  of  the  Hudson  River." 

Prof.  Brown  premised  his  remarks  by  saying  that  an  extensive  series 
of  chemical  biological  examinations  had  been  started,  and  though  much 
work  had  been  accomplished,  it  was  premature  to  put  his  paper  into  print, 
until  additional  samples  had  been  collected  and  examined. 

By  the  aid  of  maps,  he  illustrated  and  described  the  drainage  basins 
of  the  Mohawk  and  Hudson  Rivers,  and  called  special  attention  to  the 
population  along  their  banks,  giving  sizes  of  the  towns  and  cities  and 
whether  sewered  or  not.  Called  attention  to  the  density  of  population 
following  the  drainage  systems  of  the  state,  illustrating  it  by  an  average 
population  of  2  per  sq.  mile  in  one  of  the  inland  counties,  and  321  in  Alba- 
ny County.  Also  that  the  Census  returns  showed  a  quite  rapid  increase 
in  the  towns  and  cities,  and  a  decrease  in  the  farming  districts  and  small 
villages.  Therfore  that  river  pollution  would  increase  at  a  more  rapid 
rate  than  that  due  to  the  growth  in  population  in  the  cities  that  are  usu- 
ally found  on  the  banks  of  the  streams,  from  the  contamination  due  to 
the  development  and  growth  of  factories  due  to  such  urban  growth. 

That  the  pollution  of  the  Hudson  River  not  only  affected  the  towns 
and  cities  aloug  its  banks  that  derive  their  water  supply  from  it,  but  also 
affect  the  3,000,000  tons  of  ice  that  are  usually  harvested  into  the  ice 
houses  that  line  its  banks  from  Poughkeepsie  to  Troy,  as  freezing  does  uot 
entirely  eliminate  the  contamination. 

A  geological  map  was  then  exhibited  showing  that  the  drainage  basin 
of  the  Upper  Hudson  was  in  the  older  Paleozoic  and  Archaean  formations, 
and  hence  the  water  was  soft,  while  the  Mohawk  was  largely  in  the 
Heiderberg  limestone  formation,  and  consequently  very  hard  from  min- 
eral matter. 

Stated  that  samples  had  been  taken  from  the  Mohawk  River  from 
above  Utica,  where  it  is  free  from  contamination,  to  its  mouth  at  Albany, 
the  samples  being  collected  with  special  reference  to  the  towns  and  cities 
on  its  banks,  to  show  their  influence. 

That  another  series  of  samples  had  been  taken  from  above  Troy, 
where  the  Hudson  River  is  free  from  contamination,  to  some  15  miles  be- 
low Albany. 

One  series  of  samples  from  each  river  was  taken  during  the  summer, 
and  another  series  in  the  winter,  from  the  ice  covered  surface,  while  the 
samples  were  taken  at  a  depth  of  8  to  10  inches  below  the  surface.  The 
biological  samples  were  taken  at  %  distance  from  each  bank  and  were 
plated  on  the  same  day  as  collected.  The  chemical  samples  were  so  taken 
that  25  per  cent.,  was  taken  at  x-i  distance  from  each  bank  and  5  per  cent. 
from  the  middle  of  the  river,  and  the  summer  series  were  examined  the 
same  day  they  were  collected  while  2  to  3  days  intervened  in  the  winter 
series  before  they  were  examined. 

In  the  case  of  the  Hudson  River  series  below  Troy,  one  set  of  samples 
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was  taken  on  the  flood  tide,  and  one  set  on  the  ebb  tide  to  show  the  affect 
of  tidal  influence. 

The  results  of  the  biological  examination  of  the  samples  was  to  show 
a  very  decided  and  persistent  increase  in  the  number  of  bacteria  per  cubic 
centimeter  after  the  entrance  of  the  sewage  from  the  towns  and  cities, 
wnich  would  decrease  as  the  river  passed  below  the  source  of  pollution, 
to  again  rise  rapidly  on  receiving  the  sewage  of  another  city  lower  down. 
In  the  case  of  the  Mohawk,  the  number  of  bacteria  was  200  to  250  per  1 
c  c.  in  the  summer,  above  the  source  of  pollution,  and  increased  to  as 
high  as  37,000  at  Utica,  while  5  miles  below  Utica  it  had  decreased  to 
2,000. 

The  Hudson  River  series  of  samples  showed  in  a  similar  manner  the 
contamination  of  the  river  by  sewage  in  the  rapid  increase  in  the  number- 
of  bacteria,  which  amounted  to  200  to  250  per  cubic  centimeter  above 
Troy,  where  the  river  is  pure,  to  a  maximum  of  35,000  when  most  affected 
by  the  sewage  of  Albany. 

It  was  found  that  the  quantity  of  bacteria  is  very  much  less  in  winter 
than  summer  from  the  lessened  action  by  oxidation  as  the  river  surface  is 
so  largely  covered  by  ice.  Also,  that  the  influence  of  rapids,  water-falls 
and  other  ozidixers,  is  to  temporarily  increase  the  quantity  of  bacteria 
present. 

It  was  found  that  it  is  extremly  important  to  collect  biological  sam- 
ples only  when  the  water  is  clear,  as  when  muddy  or  contaminated  by 
land-wash,  the  number  is  very  greatly  increased  by  the  bacteria  washed 
off  the  surface  of  the  land  and  hence  not  due  to  the  influence  of  sewage. 

It  was  thought  that  the  biological  method  is  the  only  safe  and  relia- 
ble method  of  examining  for  polluted  waters,  though  mere  quantity  of 
bacteria  does  not  necessarily  mean  danger,  as  the  real  risk  depends  on  the 
kind  of  bacteria  present.  But  thought  that  large  numbers  predispose 
towards  dangerous  kinds  of  bacteria,  but  as  the  determination  of  species 
is  very  difficult  and  tedious,  thought  that  the  much  easier  and  more  rapid 
method  of  obtaining  numbers  only  as  being  sufficient  to  indicate  the  char- 
acter of  a  water. 

Regards  the  chemical  examination  as  inconclusive,  as  he  found  that 
the  chemical  samples  at  times  contradicted  the  biological  examination 
though  on  the  whole  there  is  a  more  or  less  coincidence  between  the  num- 
ber of  bacteria  and  the  amount  of  free  and  albuminoid  ammonia. 

Thought  that  river  purification  is  largely  due  to  dilution  and  sedi- 
mentation, as  the  bacteria  constantly  tend  to  settle  to  the  bottom  of  the 
stream  and  become  inert. 

It  was  thought  that  ordinary  river  pollution  will  purify  itself  in  5  to 
10  miles  below  the  source  of  contamination,  if  the  dilution  is  reasonably 
large  due  to  the  volume  of  the  river. 

The  paper  was  discussed  by  Messrs.  Ockerson,  Seddon,  Russell,  John- 
son and  Wheeler. 

Adjourned.  H.  A.  Wheeler,  Secretary,  pro  tern. 


366th.  Meeting,  May  18,  1892:— The  club  met  at  8  P.  M.,  at  the  club 
rooms,  President  Johnson  in  the  chair,  and  16  members  present.  The 
minutes  of  the  365th.  meeting  were  read  and  approved.  The  Executive 
Committee  reported  the  doings  of  its  131st.  meeting.  After  discussion,  the 
report  on  the  question  of  subscribing  to  engineering  papers  was  laid  over 
for  future  action. 
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In  the  absence  of  the  author,  Mr.  Turneaure  read  Prof.  Howe's  paper 
on  the  "Maximum  Stresses  in  Draw  Bridges."  The  paper  discussed  the 
various  loadings  possible  for  draw  bridges,  under  different  conditions; 
then  took  up  the  case  of  a  draw  bridge  of  two  equal  spans  acting  as  a  con- 
tinuous girder  and  subjected  to  equal  panel  concentrations.  The  panel 
points  which  should  be  loaded  to  produce  the  maximum  moment  or  shear 
at  any  point,  was  found  by  the  aid  of  a  diagram  having  plotted  on  it 
curves  giving  position  of  zero  moment,  amount  of  moment  at  turntable 
support,  and  amount  of  end  reaction,  foi  a  concentrated  load  at  any  point. 
Only  four  different  loadings  were  found  to  be  necessary,  and  knowing 
these,  four  corresponding  equilibrium  polygons  were  sufficient  to  deter- 
mine the  maximum  positive  and  negative  shears  at  each  panel  point. 
The  web  stresses  were  determined  by  taking  from  the  diagram  the  end 
reactions  due  to  the  panel  loads  applied  in  each  case,  and  with  the  com- 
bined reaction,  compute  the  web  stress  as  in  a  discontinuous  span, 

For  unequal  concentrations,  the  best  method  would  probably  be  to» 
compute  the  moments  and  shears  for  each  panel  for  each  load  and  then, 
distribute  the  concentrations  as  nearly  as  possible  according  to  the  mag- 
nitude of  these  moments  and  shears. 

For  actual  wheel  loads  the  computation  would  be  very  complex.  In- 
stead of  wheel  loads,  an  assumed  equivalent  uniform  load  or  a  uniform 
load  and  an  engine  excess  would  give  stresses  nearly  correct. 

Discussion  followed  by  Messrs.  Johnson,  Hubbard  and  Pegram. 

Prof.  Johnson  exhibited  an  apparatus  designed  by  him  and  constructed 
by  Mahen  &  Co.,  St.  Louis,  for  measuring  the  elongation  or  compression 
of  test  specimens  while  under  stress.  It  consists  of  two  collars  fastened  to 
the  specimen  by  set  screws,  each  carrying  a  graduated  circle  four  inches 
in  diameter,  over  the  face  of  which  moves  a  balanced  pointer.  This 
pointer  carries  a  small  vernier  and  is  attached  to  a  spindle,  in  which  is  a 
friction  roller  measuring  exactly  one-half  inch  in  circumference.  The 
roller  on  one  spindle  is  operated  by  an  arm  which  is  attached  to  the  other 
collar,  these  arms  being  mounted  symmetrically  on  opposite  sides  of  the 
specimen.  The  apparatus  reads  with  exactness  to  the  nearest  one-ten- 
thousandth  of  an  inch,  and  registers  elongations  beyond  the  elastic  limit 
as  readily  as  it  does  those  below  that  limit.  Its  operation  is  very  satis- 
factory. 

Adjourned.  Arthur  Thacher,  Secretary. 


367th.  Meeting,  Juxe  1,  1892:—  The  club  met  at  8  P.  M.,  at  the  club 
rooms,  Vice-President  Crosby  in  the  chair,  and  20  members  and  3  visitors 
present:  The  minutes  of  the  366th.  meeting  were  read  and  approved. 
The  Executive  Committee  reported  the  doings  of  its  132d  meeting. 

Upon  motion,  it  was  decided  that  the  club  subscribe  for  the  Engineer- 
ing News.  Engineering  and  Building  Record,  Railroad  Gazette,  Railroad 
and  Engineering  Journal.  Journal  of  the  Franklin  Institute,  Electrical 
Engineering  and  the  London  Engineering. 

Mr.  Flad  presented  some  diagrams  showing  loss  of  head  for  the  flow 
of  gases  through  pipes  of  varying  diameters  and  for  varying  velocities. 
Discussion  followed  by  Messrs.  Wheeler,  Colby,  Flad  and  Love. 

Mr.  Ockerson  exhibited  blue  print  diagrams  showing  the  effects  of 
erosion  on  the  Mississippi  River  banks,  from  Cairo  to  Donaldsonville, 
from  1S77.  1883  to  1892.       The  diagrams  showed  graphically  the  annual 
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amount  of  caving  per  mile  of  river  considered  in  sections  of  ten  miles. 
Discussion  followed  by  Messrs.  Colby,  Wheeler,  Flad  and  Crosby. 

For  the  next  meeting,  September  21st.  a  paper  on  the  "Methods  and 
Results  of  Precise  Levelling,"  by  Mr.  O.  W.  Ferguson,  was  announced. 

Adjourned.  Abthtjk  Thacheb,  Secretary. 


WESTERN  SOCIETY  OF  ENGINEERS. 


292nd.  Meeting,  June  1,  1892:— The  292nd.  meeting  of  the  Society 
was  held  at  the  rooms  of  the  "Central  Traffic  Association,"  The  Rookery, 
Chicago,  Wednesday  evening,  June  1st.,  1892  with  some  25  members  pres- 
ent.   President  Isham  Randolph  in  the  chair. 

After  the  call  to  order,  the  President  announced  that  before  entering 
upon  the  work  of  the  evening,  Gen.  Sooy  Smith  wished  to  make  a  person- 
al explanation. 

Gen.  Wm.  Sooy  Smith  said:  It  will  be  remembered  by  you  that  some- 
time ago,  before  the  report  on  the  Railway  Problem  was  formulated  and 
presented  to  the  Society,  a  report  by  Mr.  Corthell  on  a  portion  of  the  work 
of  this  committee  was  published  by  a  daily  paper  in  Chicago, — much  to 
the  surprise  of  the  committee,  and  also  to  their  regret,  as  unpleasant  im- 
pressions were  likely  to  be  formed;  and  so  the  matter  was  considered  by 
the  committee,  and  it  was  concluded,  as  Mr.  Corthell  was  absent,  that  in 
justice  to  him  all  action  with  regard  to  it  should  be  postponed  until  his 
return.  The  result  proves  the  wisdom  of  that  course;  for,  unpleasant  im- 
pression once  getting  abroad  can  never  be  thoroughly  corrected.  Many 
who  see  the  thing  which  has  produced  such  an  impression,  fail  to  see  the 
explanation,  and  so  the  unpleasant  impression  remains. 

In  this  case  I  have  an  explanation  to  make  which  fully  exonerates  Mr. 
Corthell,  and  if  any  blame  is  to  be  attached  to  any  one  in  that  matter,  it 
belongs  to  myself.  To  make  it  still  more  plain  to  you  I  will  state,  that  at 
one  of  the  meetings  of  the  committee  called  to  formulate  the  report,  it 
was  suggested  that  each  member  should  write  a  report,  and  those  reports 
should  be  brought  together  and  consolidated.  I  suppose  this  report  of  Mr. 
Corthell  was  written  in  accordance  with  that  suggestion.  One  day  a  copy 
of  Mr.  CorthelPs  report  was  handed  to  me  for  my  information.  I  put  it  in 
my  pockets  and  carried  it  for  some  little  time  for  the  purpose  of  reading  it 
at  such  odd  times  as  I  could  get,  and  one  day  I  fell  in  with  the  Commis- 
sioner of  Public  Works  of  the  city.  He  said  he  was  greatly  concerned  in 
the  question  discussed  by  this  committee,  and  also  to  be  discussed  to-night 
by  the  Society,  and  said  that  he  was  very  anxious  to  know  something  of 
the  result  of  the  investigation  of  our  committee.  I  told  him  that  the  com- 
mittee had  not  yet  formulated  its  report,  but  that  one  of  the  members 
Mr.  Corthell,  had  written  a  report  of  the  investigation,  and  that  I  had  it 
with  me  to  look  over  for  my  own  information,  and  he  wanted  to  know 
whether  I  would  give  him  a  copy  of  Mr.  CorthelPs  report,  and  I  said  to 
him  that  the  committee  had  not  yet  adopted  it,  and  that  I  only  had  it  for 
my  own  information.  He  said  that  he  would  like  to  look  it  over  with  the 
City  Commission,  with  the  understanding,  of  course,  that  it  was  to  be  a 
perfectly  confidential  thing.  He.  said  "I  supposed,  and  still  suppose, 
that  one  of  the  best  effects  or  results  of  the  deliberation  of  that  committee 
is  that  which  it  will  have  upon  the  city,"  and  in  pursuance  of  that  idea.  I 
passed  the  report  to  him  in  that  way,  he  promising  to  return  it  to  me  in  a 
day  or  two.      He  tells  me  that  he  put  that  report  in  a  pigeon-hole  in  his 
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desk  and  then  was  called  away  for  a  day  or  two,  and  the  deputy  finding  it 
and  thinking  it  belonged  to  the  papers  of  this  City  organization,  placed  it 
among  their  papers,  and  it  got  into  the  hands  of  a  reporter  and  so  was 
published. 

I  do  not  see  that  it  was  the  fault  of  any  one;  certainly  not  Mr.  Cor- 
thell's.  If  any  one  is  to  blame  it  is  certainly  myself,  in  handing  it  to  the 
Commissioner  of  Public  Works  at  all. 

General  Smith  then  went  on  to  explain  his  remarks  appended  to  his 
signature  printed  in  the  report.  AVith  regard  to  the  appointment  of  such 
a  Committee  he  did  not  think  it  consistent  with  the  best  interests  of  the 
profession  that  the  Society  should  appoint  committees  of  those  members 
able  to  treat  such  important  subjects  exhaustively,  and  expect  them  to  do 
so  without  compensation.  It  should  not  be  expected  of  members  to  do 
such  work  for  the  public  gratuitously. 

Speaking  of  his  criticism  of  the  Report,  after  his  signature,  he  regret- 
ted and  withdrew  his  remarks  except  as  to  his  conviction  that  reports  of 
this  kind  should  not  be  undertaken  by  organizations  such  as  ours  for  rea- 
sons stated. 

The  regular  order  of  business  was  then  called  for.  The  reading  of  the 
minutes  of  the  previous  meeting  was  dispensed  with.  There  was  no  re- 
port from  the  Board  of  Directors  but  the  Secretary  announced  the  follow- 
ing applications  for  membership  on  the  file:  Edgar  S.  Nethercut,  Lee  L. 
Dagron. 

The  Secretary  read  a  communication  from  Mr.  F.  Collingwood,  Sec- 
retary  American  Society  of  Civil  Engineers,  notifying  the  Society  that 
the  American  Society  had  a_cepted  the  duty  of  organizing  and  conduct- 
ing "Division  A"  of  the  Engineering  Congress,  World's  Congress  Auxili- 
ary of  the  Chicago  Exposition,  and  asking  the  Western  Society  of  Engin- 
eers to  name  a  member  to  aid  the  Committee  in  certain  work. 

The  communication  was  referred  to  the  Board  of  Directors  with  pow- 
er to  act. 

The  Secretary  also  announced  that  the  American  Society  had  sent 
invitations  to  our  officers  to  attend  the  Annual  Convention — at  Old  Point 
Comfort,  Va. 

The  President  announced  that  the  Committee  on  Badge,  Seal,  etc., 
would  report  at  the  summer  meeting. 

A  contribution  to  the  discussion  on  ''An  Enlarged  Water-Way  be- 
tween the  Great  Lakes  and  the  Atlantic  Seaboard,"  from  Mr.  Wm.  Pier- 
son  Judson,  of  Oswego,  N.  Y.,  was  then  read.  (The  paper  will  be  put  in 
type  as  soon  as  possible.) 

Mr.  L.  E.  Cooley  followed  and  warmly  advocated  that  any  assistance 
that  could  be  given  by  the  Society  should  be  given  Mr.  Judson.  so  that 
an  appropriation  might  be  made  to  enable  at  least  a  thorough  investiga- 
tion of  the  route  suggested  by  Mr.  Judson  to  be  carried  out. 

Mr.  Jas.  J.  Reynolds  moved  that  the  discussion  of  the  Report  of  the 
Committee  on  the  "Railway  Problem  of  Chicago"  etc.,  be  postponed  for 
two  weeks  and  be  taken  up  at  a  special  meeting. 

Carried  and  a  special  meeting  was  ordered  for  the  discussion,  to  be 
held  on  Wednesday  evening,  June  15. 

The  President  announced  that  the  officers  of  the  B.  &  O.  R.  R.  had 
very  courteously  tendered  a  train  for  the  use  of  the  Society  for  the  day  of 
the  Summer  Meeting. 

The  Secretary  was  authorized  to  accept  the  offer  and  to  convey  the 
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thanks  of  the  Society  to  the  officers  of  the  B.  &  O.  for  their  kindly  con- 
sideration. 

A  motion  was  then  made  and  carried  that  a  Summer  Meetiug  be  held 
and  that  the  President  appoint  a  Committee  of  three  to  arrange  a  pro- 
gramme, and  provide  for  the  occasion. 

Mr.  L.  E.  Cooley  then  rose  and  spoke  at  length  in  opposition  to  the 
views  expressed  by  Gen.  Sooy  Smith  on  the  question  of  the  work  of  the 
Committee  on  "The  Chicago  Railway  Problem."  As  he  was  in  a  measure 
responsible  for  the  appointment  of  the  Committee,  and  as  the  Society  had 
by  a  large  majority  vote  supported  him,  he  felt  it  his  duty  to  defend  it 
and  presented  many  arguments  in  favor  of  Engineering  Societies  taking 
prompt  action  in  all  public  matters  calling  for  engineering  labor,  around 
which  action,  concentrated  effort  might  crystallize  and  thus  force  conclu- 
sions years  before  any  results  might  be  obtained  by  the  "laisser  aller" 
policy  so  usually  pursued. 

The  President  announced  the  Committee  on  revision  of  "Constitution 
and  By-Laws:"    Thos.  Appleton,   L.  E.  Cooley  and  Fremont  Hill. 

Adjourned.  John  W.  Weston,  Secretary. 


ENGINEERS  CLUB  OF  MINNEAPOLIS. 


May  21,  1892: — The  second  joint  meeting  of  the  Engineers'  Club  of 
Minneapolis  and  the  St.  Paul  Society  of  Civil  Engineers,  took  place 
Saturday  May  21st.  The  members  of  the  two  clubs  were  the  guests  of 
the  Gillette-Herzog  Mfg.  Co.,  of  Minneapolis  and  met  at  the  shops  of 
said  firm  at  3:00  o'clock  P.  M.,  spending  the  afternoon  inspecting  their 
new  bridge  shops  and  the  foundry,  afterwards  some  of  the  members  visit- 
ed the  Flour  Mills  and  some,  the  Falls  of  St.  Anthony,  which  were  very 
fine,  due  to  the  high  stage  of  water  in  the  Mississippi. 

At  7:00  o'clock,  some  fifty  members  and  guests  met  again  in  the  rooms 
of  the  Builders'  and  Contractors'  Exchange,  where  they  were  handsomely 
banquetted  by  the  Gillette-Herzog  Company.  After  dispensing  with  the 
routine  business,  Mr.  Wilson  of  St.  Paul  read  a  paper  on  caves  and  tun-* 
nels  in  St.  Paul,  stating  that  although  the  location  of  St.  Paul  is  much  di- 
versified and  broken,  only  one  railroad  tunnel,  that  of  the  Northern  Paci- 
fic Railway  has  been  constructed,  but  that  in  the  portion  of  the  city  which 
runs  from  the  State  Capitol  to  Fort  Snelling,  and  from  the  river  to  the 
bluff,  a  great  many  tunnels  for  sewers,  water  mains  and  telephones  are 
located. 

The  geological  formation  of  said  district  is  Trenton  limestone  twenty 
(20)  to  thirty  (30)  feet  thick  overlaying  the  so  called  St.  Peter  Sandrock. 
This  Sandrock  is  soft  and  can  be  picked  and  shoveled  and  permits  of  easy 
tunnelling. 

There  are  about  twenty  (20)  miles  of  sewer  tunnels,  three  (3)  miles  of 
water  works  tunnels,  and  three-fourths  (%)  mile  of  Telephone  tunnels; 
but  besides  these  artificial  tunnels,  there  are  several  natural  ones,  of 
which  the  two  (2)  most  noted  ones  are:  — 

The  so  called  Carvers  Cave  discovered  in  1766,  by  Jonathan  Carver, 
and  which  was  an  object  of  great  interest  to  the  early  settlers,  being  150 
feet  deep,  30  feet  wide  and  15  feet  high,  with  a  pool  of  water  in  it  remark- 
able for  its  clearness.  The  entrance  to  this  cave  has  been  blocked  by  the 
construction  of  the  C.  B.  &  N.  Ry. 

The  other  cave  is  Fountain  Cave,  first  mentioned  by  Major  Long  in 
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1817.      It  is  much  larger  than  the  other,  the  entrance  is  25  feet  wide,  20 
feet  high  and  1,300  feet  long. 

Eight  establishments  (principally  breweries)  have  large  artificial 
storage  vaults  in  this  rock,  .some  extending  as  far  as  1200  feet  in  length. 
In  the  before  mentioned  Sandrock  district  of  the  city,  4K  miles  by  %  mile, 
the  sewer  and  water  pipes  are  laid  in  separate  tunnels,  the  sewer  tunnels 
vary  in  size  from  6  feet  by  2  feet  6  inches  to  7  feet  by  7  feet.  The  chan- 
nel bricked  for  water  to  flow  in  these  tunnels,  varies  from  9  inches  by  14 
inches  to  a  horse  shoe  shaped  section  7  feet  wide. 

The  water  pipe  tunnels  are  6  feet  high,  3  feet  wide— 12  inch,  6  inch 
and  4  inch  pipes  are  laid  in  the  tunnels. 

Connections  with  sewer  and  water  tunnels  are  made  by  excavating  a 
drift  under  the  house  and  drilling  down  through  the  rock.  The  service 
pipe  is  then  run  through  the  drift  and  drill  hole. 

The  Telephone  tunnel  is  3  feet  by  6  feet,  and  has  a  capacity  for  over 
1000  wires  in  cables. 

Some  of  the  advantages  of  these  underground  tunnels  for  sewers,  wa- 
ter pipes,  and  telephones  are,  ease  of  access  for  examination,  repairs  and 
extension  of  new  work;  the  great  relief  from  tearing  up  the  streets  and 
economy  in  cost. 

Mr.  Wilson  illustrated  his  paper  by  maps,  drawings  of  sections  of  the 
work  described  and  photographs  showing  the  work  in  construction  and 
the  completed  tunnels  for  water  pipes,  telephones  and  sewers. 

F.  VV.  Cappelex,  Secretary. 


THE  WISCONSIN  POLYTECHNIC  SOCIETY. 


17th  Meeting,  May  9,  1892:— There  were  present,  6  members  and  3 
guests.  President  Benzenberg  in  the  chair.  Minutes  of  the  sixteenth 
meeting  read  and  appoved. 

The  following  applications  for  membership  were  recorded: 

Warren  S.  Johnson,  Electrical  Engineer,  Geo.  W.  Goetz,  Consulting 
Engineer. 

The  applications  are  to  be  balloted  on  by  letter  before  next  meeting. 

The  committee  on  papers  is  requested  by  the  President  to  report  on 
subscription  for  current  technical  literature,  also  to  prepare  a  programme 
for  the  summer  season  until  the  next  meeting. 

Paper  on  "Wheel  Records"  by  Mr.  J.  N.  Barr.  In  absence  of  Mr. 
Barr,  the  president  read  the  paper  to  the  Society. 

Wheel  records  belong  to  that  class  of  records,  which  have  for  their  ob- 
ject greater  efficiency  and  economy  in  a  special  department.  To  establish 
the  useful  features  of  a  wheel  record,  it  is  necessary  to  determine  upon 
certain  qualities  of  a  wheel,  which  if  united,  constitute  an  "ideal"  wheel. 
The  ideal  wheel  being  arrived  at,  the  following  departures  from  the  same 
are  noted,  with  reference  to  chilled  cast  iron  wheels: 

1.  Lack  of  roundness. 

2.  Variations  in  thickness  of  shell  of  white  iron. 

3.  Imperfections  in  the  white  iron. 

4.  Lack  of  requisite  strength. 

To  obtain  further  information  on  the  subject,  it  is  necessary  to  state 
the  manner  in  which  wheels  fail.  Wheels  fail  or  are  condemned  from  the 
following  reasons: 

1.    Failure  of  the  shell  of  chilled  iron. 
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3.    Abrasion. 

3.  Breaking  or  fracture. 

4.  Application  of  brakes. 

The  character  of  service  is  also  of  material  importance  on  the  mileage 
of  a  wheel;  therefore  the  records  will  have  to  give  information  on  this 
point.  A  distinction  is  to  be  made  between  wheels  under  freight  and  pas- 
senger locomotives,  freight,  baggage,  passenger  and  Pullman  cars,  etc. 

Accurate  wheel  records  based  on  principles  as  briefly  outlined  by  the 
paper,  manifested  their  efficiency  in  a  very  short  time  and  did  a  great 
deal  towards  the  increasing  the  mileage  of  wheels. 

The  discussion  following  the  reading  of  the  paper  was  taken  part  in 
by  Messrs.  Geo.  W.  Goetz,  Benzenberg,  Hathaway,  Bentzien,  Scholtke. 
It  was  very  much  regretted  that  the  author  of  the  paper  was  absent,  and 
wishes  were  expressed  to  continue  the  discussion  on  the  interesting  sub- 
ject at  a  future  meeting,  in  presence  of  Mr.  Barr. 

Adjourned  10:15.  M.  G.  Schinke,  Secretary. 


18th  Meeting,  June  13th.  1892:— There  were  10  members  and  one 
guest  present.    President  Benzenberg  in  the  chair. 

Report  of  the  Executive  Committee  on  the  letter- ballot  for  member- 
ship of  Messrs.  Geo.  W.  Goetz  and  Warren  S.  Johnson.  Twenty  votes 
cast,  all  in  the  affirmative.  The  two  gentlemen  are  declared  members  of 
the  society,  and  the  secretary  is  instructed  to  notify  them  to  the  effect. 

As  part  of  the  summer  programme  Mr.  Scholtke  proposes  a  visit  to  the 
World's  Fair  grounds  as  early  as  possible,  so  as  to  see  buildings  and  other 
structures  in  the  course  of  erection.  The  latter  part  of  June  or  early  part 
of  July  is  proposed.  Upon  Mr.  Goodhue's  motion,  the  arrangements  for 
the  trip  are  placed  in  the  hands  of  a  committee  of  three.  The  committee 
is  appointed  by  the  chair  and  consists  of  Messrs.  Goodhue,  Scholtke  and 
Schinke. 

A  letter  from  Mr.  John  W.  Weston  is  read  announcing  the  election  of 
the  Wisconsin  Polytechnic  Society  as  a  member  of  the  Association  of  En- 
gineering Societies  by  the  Board  of  Managers.  Mr.  Poetsch  moves  that 
the  secretary  be  instructed  to  send  check  for  initiation  fee  and  subscrip- 
tion for  the  Journal  to  Mr.  Weston.    Carried. 

Election  of  a  member  of  the  Board -of  Managers  of  the  Association. 
Nominated  Messrs.  Hearding,  Goodhue,  Waterman.  Mr.  Goodhue  re- 
ceives the  majority  of  votes. 

It  is  moved  to  appoint  a  committee  of  censors  for  papers  to  be  printed 
in  the  Journal  by  the  chair.  Motion  is  carried  and  the  chair  appoints 
Messrs.  Hearding,  Goodhue  and  Beck. 

Mr.  W.  K.  Means  then  presented  some  notes  on  the  history  of  the 
bushel  measure,  based  principally  upon  J.  Q.  Adams'  report  to  the  Senate 
in  1820.  Mr.  Means  was  led  to  study  the  subject  when  asked  to  measure 
a  large  quantity  of  coal  for  a  gas  company.  Although  our  bushel  and 
gallon  have  no  logical  relation  to  each  other,  they  are  derived  from  the 
same  Roman  measure,  which  can  be  traced  back  to  Greece  and  Babylon, 
and  are  one  remove  nearer  to  it  than  the  present  British  measures.  They 
first  appear  in  English  law  in  12fi6  at  which  time  the  existing  measures 
were  defined  and  standards  were  thenceforth  kept.  Henry  VII.  made  an 
ignorant  attempt  to  reform  the  standards  of  capacity  with  the  result  that 
for  two  hundred  years  there  were  five  or  six  conflicting  measures.  Abou  t 
1700  Parliament  selected  arbitrarily  the  Winchester  bushel  and  the  gal- 
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Ion  of  231  cubic  inches  which  continued  in  use  for  over  a  century  and  have 
been  kept  by  the  United  States. 

Some  of  the  individual  states  have  varied  on  this:  e.  g.  New  York 
had  in  1850  a  bushel  slightly  less  than  the  Imperial,  and  Massachusetts  in 
1883  made  a  special  coal  bushel  intended  to  equal  the  heap  bushel.  The 
latter  quantity  is  largely  left  to  custom;  as  far  as  the  U.  S.  law  indicates, 
it  should  be  2747  7 — 10  cubic  inches. 

The  President  extends  the  thanks  of  the  Society  to  Mr.  Means  for  his 
interesting  remarks. 

Adjournment  to  the  second  Monday  in  September,  subject  to  the  invi- 
tations of  the  committee  on  the  outing,  is  moved  and  carried. 

M.  G.  Schinke,  Secretary. 


Editors  reprinting  articles  from  this  journal  are 
requested  to  credit  both  the  JOURNAL  and  the 
Society  before  -which  such  articles  were  read. 
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SETTLEMENT   OF  THE  EMBANKMENT   BETWEEN    SQTJANTUM 
AND  MOON  ISLAND,  BOSTON  MAIN  DRAINAGE  WORKS. 


By  Henry  H.  Carter,  Member  of  the  Boston  Society  of  Civil 

Engineers. 


[Read  October  15,  189 D.] 

In  order  to  construct  the  section  of  main  sewer  for  the  Boston  Main 
Drainage  Works  between  Squantum  and  Moon  Island  it  was  necessary 
on  account  of  the  grade  of  the  sewer  in  relation  to  the  surface  of  the 
ground  in  the  vicinity,  to  build  a  high  embankment  between  these 
points,  a  distance  of  about  4200  ft. 

The  general  form  of  the  embankment  is  shown  in  cross  section, 
sketches  2,  3  and  4,  and  the  character  of  the  strata  on  which  the  em- 
bankment is  built  is  shown  in  the  longitudinal  section,  sketch  1.  As 
will  be  seen  by  the  sketches,  the  general  form  of  the  embankment  was 
a  level  roadway  about  20  ft.  wide  at  elevation,  32  above  Boston  City 
Base.  The  sides  of  the  embankment  then  slope  down  on  an  inclination 
of  2  to  1  to  the  general  level  of  the  ground  in  the  vicinity,  which  was 
from  a  few  inches  to  5  feet  above  low  tide.  The  slopes  of  the  embank- 
ment are  protected  from  the  action  of  the  sea  by  ballast  and  rip-rap 
deposited  to  a  height  of  5  ft.  above  high  water.  From  the  original  sur- 
face of  the  ground  up  to  grade  12  (0  being  Boston  City  Base  or  about 
low  tide)  the  embankment  is  composed  of  gravel.  Above  this  grade 
it  is  of  clay  and  sand,  (being  the  ordinary  material  found  in  the  exca- 
vation of  the  reservoir  at  Moon  Island)  from  which  the  embankment  is 
formed.  The  particular  point  of  interest  attaching  to  the  construction 
of  this  embankment  (in  which  a  permanent  masonry  sewer  of  large  di- 
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mensions  was  to  be  built)  was  to  determine  the  manner  in  which  the 
soft  underlying  strata  would  act  under  the  enormous  weight  of  the  fill- 
ing. 

As  shown  in  sketch  1,  the  orginal  surface  of  the  ground  on  which 
the  embankment  was  to  be  located  consisted  of  a  gravel  bar  at  about 
half  tide  elevation,  varying  in  thickness  from  2  to  8  ft. ,  extending  from 
Moon  Island  about  2800  ft.  towards  Squantum.  At  this  point  the  grav- 
el bar  disappeared  and  the  surface  showed  mud  alone  at  about  the  ele- 
vation of  low  water.  The  gravel  bar  as  shown  on  the  sketch  is  under- 
laid by  mud  to  a  depth  varying  from  a  few  feet  to  40  feet;  the  depth 
of  the  mud  where  there  is  no  gravel  bar  is  from  2  to  18  ft. 

Four  sets  of  borings  have  been  taken  along  the  location  of  this 
work,  three  before  the  completion  of  the  work  and  the  fourth  set  in 
1890. 

The  original  set  taken  in  1876  showed  an  apparently  solid  gravel 
bar  extending  from  Moon  Island  towards  Squantum,  mud  flats  exten- 
ding from  the  gravel  bar  to  the  Squantum  shore;  a  second  set  of  bor- 
ings verified  the  first  set.  On  the  indications  of  these  two  sets  of  bor- 
ings specifications  for  building  the  Moon  Island  reservoir  and  the  sewer 
in  the  embankment  were  prepared  and  a  contract  for  doing  the  Avork 
was  let. 

This  contract  provided  for  the  building  of  the  embankment  on  the 
supposed  solid  gravel  bar  and  for  dredging  the  mud  from  the  rest  of 
the  location  to  hard  bottom;  then  building  the  embankment  from  the 
bottom  so  obtained. 

After  the  work  had  been  commenced  a  doubt  was  raised  as  to  the 
■exact  limitation  of  the  gravel  bar  and  further  borings  were  made;  it 
was  discovered  the  entire  supposed  solid  gravel  bar  was  underlaid  bv 
mud. 

This  discover  caused  the  abandonment  of  the  original  intention 
regarding  the  building  of  the  sewer.  It  was  decided  to  give  up  the 
idea  of  building  a  masonry  sewer  for  some  time,  also  to  abandon  any 
idea  of  dredging  out  the  mud  near  the  Squantum  shore,  but  in- 
stead, to  pile  up  the  embankment  to  two  feet  above  the  proposed 
height,  and  then  allow  it  to  slowly  settle  and  come  to-  a  permanent 
bearing  before   going  on   with  the  construction  of  the  sewer. 

A  very  careful  set  of  borings  was  then  made  to  determine  the  depth 
of  mud  along  the  whole  line  of  the  embankment;  the  results  are 
shown  on  sketch  1.  In  order  to  observe  the  motion  and  settlement  of 
the  embankment,  6  rods  were  placed  in  position  on  the  filling  as  it  then 
existed,  iron  plates  2  feet  square  were  procured  and  bedded  on  the  em- 
bankment and  1-in.  pipe  rods  were  screwed  into  these  plates.  The  idea 
being,  that  the  plates  and  rods  would  settle  simultaneously  with  the 
embankment  and  that  levels  on  the  rods  would  show  the  exact  amount 
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of  the  settlement.  Additional  lengths  of  rods  were  screwed  on  as  fast 
as  the  settlement  took  place.  The  chief  interest  in  regard  to  the  set- 
tlement of  the  embankment  is  owing  to  the  length  of  time  over  which 
these  observations  and  levels  have  extended — a  period  of  9  years. 

The  first  rod  was  placed  at  Sta.  369,  where  the  surface  was  mud 
which  extended  to  a  depth  of  about  17  feet.  The  plate  on  which  the 
rod  rests  was  set  at  grade  13.5  on  the  filling-  which  was  already  in 
place. 

A  rapid  settlement  amounting  to  14  feet  took  place  during  the  first 
six  months  of  forming  the  embankment.  The  embankment,  notwith- 
standing the  additional  material  constantly  placed  upon  it,  did  not 
get  above  grade  16. 

An  additional  settlement  of  2  feet  took  place  during  the  next  year, 
the  embankment  growing  in  height  to  grade  24.  In  the  next  year  end- 
ing December  1883  the  additional  settlement  amounted  to  .7  of  a  foot, 
the  embankment  having  been  completed  to  grade  32  during  the  year. 
From  December  1883  to  October  1890  a  further  settlement  of  .56  has 
taken  place.     Of  this  amount  .033  occurred  during  the  last  year. 

The  entire  settlement  up  to  date  is  17.42,  which  corresponds  closely 
with  the  depth  of  mud  shown  on  the  plan,  thus  indicating  that  the 
gravel  filling  has  entirely  displaced  the  mud  at  this  point. 

A  curve  of  settlement  has  been  plotted  showing  results  from  1885 
to  date.  On  this  rod  it  will  be  seen  that  the  curve  is  gradually  ap- 
proaching a  direction  parallel  with  the  axis  of  the  curve. 

As  settlement  of  the  embankment  will  continue  for  some  time, 
and  as  the  construction  of  the  masonry  conduit  has  been  commenced,  it 
was  necessary  to  make  some  allowance  for  future  settlement  in  deter- 
mining the  grade  of  the  conduit.  Theoretical  calculations  have  been 
made  concerning  future  settlements.  These  calculations  are  deduced 
from  the  known  curve  of  settlement  from  1885  to  1890. 

It  is  found  that  all  the  curves  of  settlement  are  rectangular  hyper- 
bolae of  the  general  equation  of 

ay  +  x  y  —  b  x  =  0 
in  which  a  and  b  are  constants,  determined  from  curves  as  already  plot- 
ted, x  =  time  in  months  from  January  85,  and  y  =  settlement  in  feet 
corresponding  to  the  time  in  months.  By  using  this  equation  it  is 
possible  to  determine  the  maximum  settlement  which  will  occur  in  an 
infinite  time.. 

It  is  also  possible  to  determine  the  year  in  which  the  embankment 
will  cease  to  settle  at  a  rate  greater  than  .01  foot  per  year. 

Applying  the  equation  to  the  curve  of  settlement  at  rod  Sta.  369,  we 
get  the  following  interesting  results.  The  maximum  settlement  which 
will  ever  occur  is  17.74  feet,  and  as  the  rod  has  already  settled  17.41  ft. 
there  remains  a  further  settlement  to  take  place  of  .32  ft.     The  rod  set- 


358 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


tied  last  year  .03  ft. ;  by  the  middle  of  1898  this  rate  will  have  decreased 
to  .01  of  a  foot  per  year,  at  which  time  the  total  settlement  will  be  17. 
55.  It  will  take  to  infinity  to  settle  the  rest  of  the  distance  of  .187  feet. 
The  grade  of  the  conduit  has  according  been  elevated  about  .14  feet 
above  the  regular  grade  to  allow  for  the  future  settlement.  This  dis- 
tance of  .14  is  the  amount  of  settlement  which  is  calculated  to  take 
place  between  the  present  time  and  1898,  or  the  time  at  which  the  rate 
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has  decreased  to  .01  of  a  ft.  per  year.  The  uncertainty  of  the  calcula- 
tions and  the  fact  that  the  weight  of  the  embankment  will  be  decreased 
by  the  removal  of  2  feet  surcharge,  has  made  it  advisable  to  neglect 
the  settlement  which  will  occur  after  1898. 
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A  second  rod  was  put  in  place  at  Sta.  374.  "We  can  see  on  sketch  1 
that  there  is  about  the  same  amount  of  mud  as  at  Sta.  369  and  should 
therefore  expect  about  the  same  results.  Instead  of  this  however  the 
total  settlement  to  date  has  only  amounted  to  about  4  feet  instead  of 
17.  Of  this  settlement  of  4  feet,  about  2  feet  took  place  the  first  year 
the  embankni'ent  was  building;  1  foot  settlement  took  place  in  the  next 
year,  and  it  has  taken  from  January  1883  to  October  1890  in  settling 
the  remaining  foot. 

No  reason  can  be  definitely  assigned  for  the  way  in  which  this  rod 
has  acted  compared  to  the  one  at  369.  Samples  of  the  underlying  mud 
have  been  procured  at  both  stations  by  means  of  sinking  %\  pipes 
and  boring  out  the  core.  No  apparent  difference  exists  in  the  samples. 
It  can  only  be  accounted  for  on  the  supposition  that  the  filling  was  put 
in  place  in  such  a  way  that  a  gradual  and  distributed  pressure  was 
brought  to  bear  over  the  surface  at  Sta.  374,  and  that  at  no  time  was 
the  weight  sufficient  to  cause  a  sudden  movement  of  the  soft  ma- 
terial. 

Applying  our  theoretical  calculations  to  the  rod  at  374,  we  find  the 
following  results: 

The  maximum  settlement  which  will  occur  in  an  infinite  time  is 
4.25  ft.  The  rod  already  having  settled  4.07  ft.  only  leaves.  18  ft.  more 
settlement.  In  1893  the  settlement  of  the  rod  will  have  decreased  to 
the  rate  of  .01  ft.  per  year,  at  which  time  the  settlement  will  be  4.10. 
It  will  take  an  infinite  time  to  settle  the  remaining  .15  ft. 

The  sewer  has  been  placed  .04  of  a  foot  above  the  theoretical  grade 
at  this  point. 

A  third  rod  was  put  in  at  station  -82  +  50.  By  looking  at  sketch  1 
we  find  that  a  hole  of  mud  30  ft.  in  depth  underlies  the  gravel  bar, 
which  at  this  point  is  5  ft.  in  thickness. 

From  the  appearance  of  the  profile,  a  large  settlement  should  be 
looked  for  at  this  place  and  the  facts  bear  out  the  indication — the  rod 
having  settled  a  distance  of  31.2  ft.  From  April  1881  to  October  1882 
a  settlement  of  a  little  less  than  1  ft.  occurred  while  the'embankment 
was  brought  up  in  height  from  grade  10  to  grade  18. 

On  bringing  up  the  bank  to  about  grade  26  in  October  of  that  year,  a 
sudden  settlement  of  9  ft.  occurred  which  increased  rapidly  to  28  ft.  by 
December  of  the  same  year. 

The  height  of  the  embankment,  while  the  rod  was  going  down  from 
9  to  28  ft.,  varied  between  grades  17  and  22,  material  being  filled  in  as 
fast  as  settlement  occurred.  In  July  ,'83  the  embankment  was  brought 
up  to  grade  31  and  the  rod  had  settled  30  ft. 

From  July  1883  to  October  1890  a  further  gradual  settlement  of  1.2 
ft.  has  taken  place,  .06  ft.  having  occurred  during  the  last  year. 

The  heavy  settlement  of  the   embankment  forced  up  large  beds  of 
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mud  outside  of  the  bank;  these  beds  are  raised  up  considerably  above 
the  surface  in  the  vicinity. 

Applying-  our  calculations  to  the  curve  of  settlement  of  this  rod,  we 
find  the  following  result: 

Maximum  settlement  will  be  31.60  feet  and  as  a  settlement  of  31.23 
has  already  occurred,  a  further  settlement  of  .37  is  expected. 

In  1899  the  rate  of  settlement  will  have  decreased  to  .01  ft.  per  year 
at  which  time  the  settlement  will  be  31.42.  It  will  take  to  infinity  to 
settle  the  remaining  .18  of  a  foot.  The  theoretical  grade  of  the  brick 
sewer  has  been  set  up  at  this  point  .19  in  anticipation  of  this  settle- 
ment. 

Samples  of  the  underlying  material  procured  by  borings  shows  the 
same  characterstics  as  at  369  and  374  with  the  exception  of  a  strata  of 
black  peat  2  ft.  in  thickness  at  grade — 30.  It  should  be  explained  that 
on  sketch  2  the  clay  and  gravel  shown  from  grade  0  to  12  is  the  result 
of  a  recent  boring  to  correspond  with  the  profile  on  sketch  1.  This  clay 
and  gravel  should  be  shown  as  mud  which  had  not  been  displaced  at 
the  time  the  borings  were  made. 

At  Sta.  389  +  22  a  fourth  rod  is  located.  The  mud  as  shown  on  the 
plan  is  about  16  ft.  thick  at  this  point,  and  from  the  indications  a  con- 
siderable settlement  would  be  expected. 

The  entire  settlement  from  1881  to  1890  is  however  only  1.37.  1.06 
of  this  settlement  had  occurred  on  January  1,  1883  and  in  the  last  sev- 
en years  the  settlement  has  only  been  .31  ft. 

Applying  our  calculation  to  this  rod  we  found  that  the  maximum 
settlement  will  be  1.44,  of  which  1.37  has  already  occurred.  In  1889 
the  rate  of  settlement  will  be  .01  ft.  per  year  or  in  other  words  the  rod 
is  now  settling  less  than  ,01  ft.  per  year,  which  is  borne  out  by  the 
curve  itself.  The  conduit  has  been  elevated  .06  above  grade  at  this 
point  in  anticipation  of  future  settlement. 

The  material  procured  from  the  borings  fails  to  show  any  reason 
why  the  settlement  of  the  embankment  at  this  point  should  be  1  ft. , 
and  at  382  should  be  over  32  feet. 

The  fifth  rod  is  located  at  station  396  +  50  where  the  gravel  bar  is 
underlaid  by  an  extensive  body  of  mud. 

The  settlement  at  this  point  is  2.01  ft.  .85  of  a  ft.  occurred  during 
the  first  two  years  and  the  bank  has  been  from  1882  to  1890  in  settling 
the  remaining  1.16  foot. 

Notwithstanding  the  small  amount  of  actual  settlement  which  has 
occurred  at  this  point,  the  curve  showing  rate  of  settlement  is  one  of 
the  steepest  and  shows  that  the  embankment  is  still  settling  at  what 
may  be  called  a  rapid  rate,  it  having  gone  down  .05  of  a  ft.  during 
the  last  year. 
,  Applying  calculations  to   this  curve   we   find  that  the  maximum 
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settlement  will  be  2.43   ft.   of  which  2.02  ft.  has  already  occurred. 

In  the  year  1900  the  rate  of  settlement  will  have  decreased  to  .01 
at  which  time  the  embankment  will  have  settled  2.22  ft.  It  will  take 
to  infinity  to  settle  the  remaining  .2  ft.  The  conduit  has  been  placed 
above  grade  at  this  point  .21  ft.  to  allow  for  the  expected  settlement. 

An  inspection  of  the  material  as  revealed  from  the  borings  does  not 
give  any  satisfactory  reason  for  the  small  actual  settlement  at  this 
point.  A  possible  explanation  is  shown  in  the  thickness  of  the  gravel 
bar  overlying  the  mud  in  the  vicinity,  this  thickness  being  about  20  ft. 

The  last  rod  was  placed  at  Sta.  401  +  80.  A  small  pocket  of  mud  is 
found  at  this  point.  The  embankment  has  settled  to  date  1.83  and  1.03 
of  this  settlement  occurred  during  the  first  8  months,  so  that  the  settle- 
ment from  March  1883  to  October  1890  has  only  been  .8  ft.  The  rate 
however  is  comparatively  rapid  as  the  rod  settled  .04  during  the  last 
year. 

Applying  our  calculation  to  the  rod  we  find  that  the  maximum  set- 
tlement which  will  occur  is  2.14,  of  which  amount  the  rod  has  already 
settled  1.83. 

In  1898  the  rod  will  have  reached  the  rate  of  .01  ft.  per  year  settle- 
ment. 

In  this  year  the  total  settlement  will  have  reached  1.97  ft.  The 
sewer  has  been  set  up  above  the  theoretical  grade  .14  in  anticipation 
of  this  settlement. 

The  settlement  of  the  entire  embankment  fails  to  bear  out  any  the- 
ory that  can  be  formed.  Judging  by  the  profile  of  borings,  there  is  no 
reason  why  a  settlement  of  17  ft.  should  occur  at  Sta.  369  and  at  Sta. 
374,  500  ft.  away,  where  there  is  the  same  depth  of  mud,  the  settlement 
should  only  amount  to  4  ft.  It  was  appreciated  at  the  time  that  the 
filling  took  place  that  the  settlement  did  not  amount  to  what  was  ex- 
pected. In  order  to  encourage  settlement  at  stations  like  374,  where  it 
was  evident  that  the  mud  was  not  being  displaced,  heavy  charges  of 
dynamite  were  put  down  into  the  mud  by  means  of  hollow  tubes.  These 
charges  were  exploded  in  the  hope  that  the  concussion  produced  would 
cause  an  extensive  movement  of  the  filling  to  take  place. 

The  results  of  this  procedure  were  however  unsatisfactory.  A 
third  set  of  borings  has  just  been  completed  in  order  to  show  the  exact 
characteristics  of  the  material  underlying  the  filling  of  the  embank- 
ment. These  borings  were  very  carefully  made  by  driving  2|"  tubes 
and  then  extracting  a  core.  The  material  marked  on  the  profile  as  mud 
can  hardly  be  called  so.  It  presents  the  appearance  of  a  very  soft 
plastic  clay  with  muddy  discolorations.  In  some  instances  this  clay  is 
so  soft  and  the  black  discoloration  is  so  marked  that  it  is  difficult  to  dis- 
tinguish it  from  mud,  but  in  general  it  must  be  called  a  clay.  Samples 
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of  this  material  are  preserved  for  inspection  by  any  one  who  is  inter- 
ested. 

The  question  then  becomes  how  is  it  that  this  soft  muddy  clay  in 
some  cases  has  been  entirely  displaced  by  the  filling  as  at  369,  and  in 
other  places  as  at  374  it  has  simply  been  compressed  and  still  sustains 
the  weight  of  the  filling.  It  is  impossible  to  satisfactorily  answers 
this  question  and  the  only  reasonable  explanation  in  my  mind  is  that 
when  the  filling  was  first  put  in,  in  some  cases  the  weight  was  so  rapidly 
accumulated  on  one  spot  as  to  cause  a  decided  movement  to  take  place, 
which  movement  did  not  stop  until  the  filling-  had  entirely  displaced 
the  clay.  In  other  cases,  the  filling  may  have  been  spread  out  and  cov- 
ered so  large  an  area  before  the  weight  amounted  to  much,  that  a  de- 
cided movement  of  the  clay  did  not  take  place,  and  that  the  only  change 
has  been  a  gradual  compression  of  the  soft  material. 

In  studying  the  movement  of  this  embankment  in  relation  to  the 
problem  of  building  a  permanent  masonry  structure  in  it,  we  are 
obliged  to  assume  that  the  embankment  is  now  in  a  state  of  equili- 
buium  or  will  be  in  the  course  of  a  few  3'ears.  As  shown  by  the  curves 
the  maximum  movement  which  will  probably  ever  take  place  is  less 
than  six  inches,  and  it  has  been  deemed  prudent  to  depend  on  a  future 
movement  of  the  embankment  in  accordance  with  the  results  of  these 
curves.  The  question  of  driving  piles  for  the  support  of  the  sewer  has 
been  carefully  considered.  It  is  thought  that  great  difficulty  would 
be  encountered  in  driving  piles  through  the  gravel  and  clay  filling  and 
that  the  increased  expense  would  not  be  justified. 

If  piles  are  driven,  all  timber  work  such  as  capping  and  platform 
would  have  to  be  cut  off  as  low  as  grade  6.5  and  a  large  body  of  con- 
crete would  be  required  to  bring  the  foundation  up  to  the  required 
grade,  thus  adding  largely  to  the  expense  of  construction. 

The  contract  for  the  sewer  for  about  one  half  of  the  distance  be- 
tween  Squantum  and  Moon  Island  has  been  let.  No  piles  are  provided 
for,  but  dependence  is  placed  on  making  a  heavy  foundation  act  as 
a  beam  to  bear  the  stresses  caused  by  the  expected  small  settlements 
in  the  bank.  It  is  intended  to  insert  iron  rods  in  the  arch  at  stations 
where  the  original  rods  were  located,  in  order  that  additional  settle- 
ment may  be  kept  track  of,  and  it  may  be  seen  how  far  the  theory  of 
settlement  is  borne  out  bv  the  actual  settlements. 
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By  W.  H.  Hearding,  Member  Wisconsin  Polytechnic  Society. 


[Read  April  11, 1892.] 
In  the  discussion  which  followed  the  reading  of  the  paper  upon  the 
Physical  Characteristics  and  Harbor  Improvements  of  Lake  Michigan, 
at  your  regular  meeting  in  December,  mention  was  made  of  a  current 
having  been  frequently  observed  at  a  short  distance  from  the  shore, 
which  carried  the  water  from  the  pumping  station  on  Jones'  Island,  as 
far  to  the  southward  as  the  south  point  of  Milwaukee  Bay.  I  have  no 
doubt  as  to  the  accuracy  of  this  statement.  Since  the  date  of  that 
meeting,  I  have  seen  it  stated  in  one  of  the  daily  papers  of  this  city, 
without  qualification,  that  "the  current  comes  from  the  north",  which 
statement  also  (under  certain  conditions)  is  undoubtedly  correct.  If  it 
had  also  been  said  by  an  eye  witness,  that  the  discolored  water  dis- 
charged either  from  the  pumping  station,  on  Jones'  Island,  or  from 
the  river,  had  been  seen  approaching  the  vicinity  of  the  North  point 
of  the  Bay,  I  should  also  have  said  the  statement  was  probably  true. 
In  the  Evening  Wisconsin  of  February  22nd.  last,  an  item  read  as  fol- 
lows: "The  river  presented  an  unusual  appearance  this  morning.  Its 
surface  was  covered  with  snowcapped  cakes  of  ice  which  had  been 
•driven  into  the  harbor  by  an  easterly  wind,  and  then  carried  up  stream 
by  an  insetting  tide.  The  ice  was  taken  up  the  main  river  as  far  as 
Michigan  Street  and  Grand  Avenue  Bridges".  All  of  these  statements 
are  without  question  truthful,  notwithstanding  their  being  apparent 
contradictions.  Before  proceeding  directly  with  our  subject,  may  I 
ask  your  attention  to  a  rough  sketch  of  the  Lake  region  which  shows 
one  of  the  governing  physical  conditions  of  its  environment.  The  area 
of  the  water-shed  of  the  lakes  is  tinted  in  Orange.  The  lake  area  is 
shaded  in  Blue.  The  area  of  the  water-shed  is  not  so  extensive  as  is 
generally  supposed.  The  line  which  divides  the  water- shed  of  this 
section  from  the  sections  which  surround  it,  does  not  exceed  130  miles 
at  its  farthest  point  from  lake  water.  At  some  points,  it  is  narrowed 
to  a  width  of  less  than  10  miles.  The  surface  area  of  the  four  upper 
great  lakes  is  88,020  square  miles.  Their  water-shed  is  152,900  square 
miles,  which  is  not  twice  the  area  of  lake  or  water  surface.  To  tha 
northward  of  the  lake  basin,  the  affluents  of  the  Hudson's  Bay  carry 
away  the  water  supply.  The  Upper  Mississippi  and  the  Red  River  of 
the  North,  drain  a  large  section  of  country  on  the  North  and  West, 
the  Ohio  on  the  south,  and  the  Ottawa  on  the  north  and  north-east,  so 
that  the  lakes  are  not  the  recipients  of  the  precipitation  of  a  very 
large  section  of  country  as  is  above  shown.  It  will  be  seen  that  Cana- 
da and  the  State  of  Michigan  furnish  a  large  percentage  of  the  water 
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supply.  The  question  as  to  the  existence  of  lake  currents  is  one  which 
has  for  many  years  attracted  much  attention.  The  importance  of 
this  subject  has  increased  with  the  growth  of  the  cities  and  towns 
which  have  been  established  upon  the  shores  of  the  lakes.  Persons  of 
reputed  authority  on  kindred  subjects  have  expressed  the  opinion, 
that  a  constant  current,  with  a  defined  course  is  known  to  exist  in  the 
waters  of  Lake  Michigan,  and  these  expressions  have  probably  given, 
rise  to  the  general  idea  that  such  a  current  actually  does  exist.  One 
cause  of  the  increasing  interest  which  is  attached  to  the  current  ques- 
tion is  due  to  the  fact  of  the  lake  being  the  source  from  which  the 
principal  cities  on  its  borders  derive  their  chief  supply  of  water  for 
general  domestic  use,  and  also,  by  reason  of  the  lake  having  been 
made  the  recipient  of  the  sewage  of  those  cities  in  which  a  system  of 
sewerage  has  been  introduced.  Chicago,  Milwaukee,  Racine  and  other 
cities  on  the  shores  of  Lake  Michigan,  have  adopted  the  method  of  dis- 
charging the  product  of  the  sewers  into  the  lake,  for  the  reason  that 
it  is  more  readily  and  cheaply  disposed  of  by  such  method,  than  by 
any  other,  and  it  is  due  to  this  seemingly  unavoidable  practice,  that 
the  subject  is  of  such  importance.  If  a  constant  littoral  current,  in- 
variable in  its  course  were  absolutely  known  to  exist,  one  of  the  per- 
plexities attending  the  work  of  an  engineer  would  be  much  lessened 
in  the  establishment  of  a  water  supply  for  a  city,  as  also  in  the  selec- 
tion of  a  proper  point  for  the  delivery  of  sewage  into  the  lake;  for 
with  a  known  constant  current,  it  would  be  possible  to  place  a  conduit 
for  the  intaking  of  water  in  such  a  position  as  would  almost,  if  not 
absolutely  preclude  the  possibility  of  its  being  contaminated  by  the 
refuse  disposed  of  as  above  stated.  But  when  the  directions  of  cur- 
rents are  subject  to  change,  the  water  taken  from  the  lake,  may  un- 
der certain  conditions  be  in  danger  of  pollution,  through  the  incauti- 
ously placing  of  an  intake  pipe  in  too  close  proximity  to  the  point 
where  sewage  is  discharged. 

In  order  to  acquire  a  more  precise  knowledge  of  lake  currents  than 
lias  yet  been  ascertained,  it  would  be  interesting  to  formulate  some 
method  whereby  their  action  could  be  more  approximately  deter- 
mined, by  means  of  floats  or  meters,  observations  upon  which,  for  di- 
rection and  velocity,  should  be  taken  for  such  a  length  of  time  as- 
might  be  necessary  to  establish  facts  iu  regard  to  the  conditions  which 
govern  them.  The  barometer  might  also  be  useful  as  an  indicator  in 
this  connection.  Various  articles  have  recently  been  published  in  the 
daily  journals  in  i-elation  to  a  method  for  determining  the  action  of 
lake  currents,  by  means  of  tightly  sealed  bottles  which  are  to  be  set 
adrift  from  vessels  in  different  sections  of  the  lakes,  each  bottle  to- 
contain  a  written  statement  of  the  date,  time,  and  locality  of  the  point 
at  which  it  is  immersed.       When  it  is  picked  up  by  parties  on  some 
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other  passing  vessel,  or  on  shore,  the  date,  time  and  place  of  its  recov- 
ery is  to  be  noted,  and  forwarded  to  the  promotors  of  the  system. 
Such  an  attempt  to  elicit  information  is  praiseworthy,  and  deserving 
of  success,  even  if  a  full  measure  of  success  is  not  attained  thereby. 
(Since  the  above  was  written,  I  learn  that  this  system  is  to  be  under 
direction  of  the  weather  bureau.)  To  one  whose  pursuits  have  led  to 
a  partial  consideration  of  the  general  character  of  the  streams  which 
enter  Lake  Michigan,  and  who  has  been  somewhat  observant  of  the  ef- 
fects of  atmospheric  influence  upon  this  body  of  water,  the  idea  of  the 
existence  of  a  constant  current  seems  to  be  very  questionable.  An 
examination  of  the  topography  of  the  surrounding  country  shows 
that  the  number  of  streams  of  sufficient  magnitude  to  justify  particu- 
lar consideration,  and  which  contribute  a  constant  flow  of  water  into 
this  lake  is  limited. 

The  Fox,  Menomonee,  and  Oconto  rivers,  which  discharge  into 
Green  Bay;  the  Kalamazoo,  Grand,  St.  Joseph,  Manistee  and  Muske- 
gan  rivers,  which  enter  the  lake  from  its  eastern  shore,  and  the  Manis- 
tique  from  its  northern  shore,  are  the  principal  streams.  Of  these, 
the  Fox,  Menomonee,  Manistique  and  Grand  Rivers,  are  the  largest 
tributaries,  and  furnish  a  constant  supply  of  greater  or  lesser  magni- 
tude at  all  seasons  of  the  year.  The  other  streams  mentioned,  may  be 
considered  as  periodic  in  outflow,  as  the  volume  of  water  contributed 
by  them  is  small,  excepting  their  discharge  during  freshets.  Many  of 
the  streams  may  be  classed  practically  as  dead  l'ivers  during  six 
months  of  the  year.  The  freshet  periods  are  of  but  short  duration, 
and  the  directions  of  the  discharges  of  the  several  streams  are  in 
many  instances  directly  opposed  to  each  other,  being  situated  on  the 
opposite  shores  of  the  lake.  Even  during  the  periods  of  freshet,  the 
volume  of  discharge  of  the  streams  is  small  as  compared  with  the 
body  of  water  in  the  lake,  and  these  comparatively  small  outpourings 
from  opposite  shores,  are  but  as  minute  threads  in  the  expanse  of  such 
a  body  of  water  as  is  contained  in  Lake  Michigan,  and  have  but  little 
effect  in  the  formation  of  lake  currents.  The  outflow  of  the  largest 
of  the  streams  is  quickly  lost  in  the  main  body,  and  the  molecules 
which  formed  a  strong  current  when  confined  within  narrow  bounds, 
are  soon  reduced  to  comparative  inactivity  through  the  resistance  of- 
fered by  the  body  of  water  into  which  they  merge.  In  addition  the 
smaller  streams  which  assist  in  carrying  the  water  which  is  shed  from 
the  elevated  ground  adjacent  to  their  borders,  it  is  reasonable  to  sup- 
pose that  there  are  as  many  springs  issuing  from  the  bed  of  the  lake, 
as  from  an  equal  area  of  land  which  is  above  its  surface,  and  which 
contribute  to  the  maintenance  of  its  general  head.  Changes  in  the 
height  of  the  lake  surface  are  of  almost  daily  occurrence.  Some 
of  these  are  not  unfrequently  quite  marked.     A  difference  of  as  much 
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as  two,  or  even  three  feet  in  surface  level,  has  been  observed  in  some 
localities,  within  the  space  of  a  few  hours;  but  such  excessive  changes 
are  exceptional.  A  rise  or  fall  of  six  inches  within  the  space  of  an 
hour  is  not  unfrequent.  It  is  therefore  apparent,  that  in  the  case  of 
a  rise,  a  current  must  have  been  set  temporarily  in  the  direction  of 
the  section  of  the  lake  where  the  rise  has  taken  place,  and  in  the  case 
of  a  fall,  its  trend  must  have  been  in  an  opposite  direction.  A  cur- 
rent has  been  frequently  noticed,  setting  through  the  Straits  of  Mack- 
inac, from  Lake  Michigan  into  Lake  Huron,  and  at  other  times  its 
flow  has  been  observed  running  in  the  opposite  direction.  These 
changes  in  direction  are  satisfactory  evidence  as  to  the  general  level 
of  the  water  surface  in  these  two  lakes  being  practically  the  same, 
although  the  natural  head  of  water  in  Lake  Michigan,  when  undis- 
turbed by  extraneous  forces  is  conceded  to  be  situated  at  its  southern 
extremity.  This  nominal  head  inay  however  be  generally  considered 
as  theoretical,  for  the  reason  that  the  effect  of  the  aggregated  volume 
of  the  small  streams  which  enter  that  section  of  the  lake,  is  more 
than  counterbalanced  by  a  slight  increase  in  the  pressure  of  a  heavy 
atmosphere  upon  the  surface  of  the  water.  The  pressure  of  a  denser 
atmosphere  :it  the  south  end  of  the  lake,  will  force  the  water  in  a 
northerly  direction,  and  thus  temporarily  transfer  the  head  farther 
northwards.  When  this  pressure  is  removed  from  the  southern  sec- 
tion, the  water  will  again  rise,  or  in  other  terms,  flow  towards  and  in- 
to the  southern  section.  Similar  fluctuations  are  not  unfrequently 
due  to  the  force  of  wind  storms,  which  drive  forward  the  surface  of 
the  water  which  is  in  front  of  them.  I  have  heard  it  suggested  that 
some  of  the  fluctuations  maj'  be  due  to  seismic  action,  but  if  this  were 
the  case,  any  such  kind  of  force,  capable  of  producing  such  effect, 
would  also  be  sensibly  felt  upon  the  shores  of  the  lake.  It  is  evident 
that  a  constant  current  must  proceed  from  a  constant  head,  and  if  the 
high  water  level  or  head  is  subject  to  change  in  locality,  it  is  improb- 
able that  a  constant  current  can  exist. 

A  remarkable  illustration  of  the  action  of  lake  currents  was  ob- 
served by  the  writer  some  forty  years  ago,  on  the  south  shore  of 
Drummond  Island  in  Lake  Huron.  This  island  is  situated  on  the  east 
side  of  the  mouth  of  the  St.  Mary's  River.  A  deep  bay  penetrates  the 
southwest  section  of  the  island,  and  upon  the  west  side  of  this  bay, 
Fort  Drummond  was  formerly  situated.  On  the  east  shore  of  the  bay, 
is  a  small  cape  of  land,  in  the  interior  of  which  is  a  pond  of  about 
eighty  acres  in  extent-  At  the  time  mentioned,  the  timbers  of  an  old 
flume,  were  still  in  place,  which  connected  the  water  of  the  pond  with 
the  water  in  Lake  Huron.  The  set  of  the  current  through  the  flume 
was  very  stroDg,  first  inwards  for  a  period  of  from  ten  to  fifteen  min- 
utes, then  for  a  similar  period  it  flowed  as  rapidly  in  the  opposite  di- 
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rection.  It  is  probable  that  the  oscillatory  movement  of  the  current 
was  due  to  changes  in  atmospheric  pressure,  the  movement  being  quite 
active  during  a  prolonged  term  of  calm  weather.  The  flume  was 
about  eight  (8)  feet  wide,  and  when  the  current  was  at  full  ebb,  it  re- 
quired the  force  of  several  men  to  push  a  large  row-boat  against  it  in- 
to the  pond.  Littoral  currents  which  are  due  to  the  translation  of  wa- 
ter impelled  upon  the  shores  of  a  lake,  by  the  breaking  of  waves,  are 
active  in  proportion  to  the  length  of  the  reach  of  deep  water  across 
which  the  waves  have  passed,  and  to  the  force  and  duration  of  the 
storms  which  have  generated  them,  and  while  in  operation,  they  often 
effect  marked  changes  in  a  line  of  shore  which  is  comprised  of  movea- 
ble material;  the  greatest  effect  being  produced  by  a  sea  running  in 
an  angular  direction  to  the  trend  of  the  shore  upon  which  the  wave 
force  is  broken.  These  littoral  currents  fluctuate  with  the  changes  in 
direction  of  the  wind. 

The  water  level  in  the  northern  section  of  Lake  Huron  is  subject  to 
changes  similar  to  those  in  Lake  Michigan,  but  for  some  short  distance 
above  its  outlet  through  the  St.  Clair  river  or  straits,  which  carries 
the  whole  of  the  unevaporated  volume  of  the  water  shed  of  lakes  Su- 
perior, Michigan  and  Huron,  a  current  which  is  constant  in  direction, 
follows  the  Michigan  shore.  The  quantity  of  water  discharged 
through  the  straits  of  St.  Clair,  as  officially  determined  is  225,000  cu- 
bic feet  per  second.  This  gives  as  a  result  in  one  year  a  total  outflow 
of  7,100,460,000,000  cubic  feet.  The  combined  area  of  the  three  lakes 
is  77,450  square  miles.  The  average  depth  of  water  in  these  lakes  is 
taken  at  400  feet,  or  one  thirteenth  part  of  a  mile.  The  total  volume 
water  contained  in  these  lakes  is  about  5,958  cubic  miles  or  877,005, 
398,016,000  cubic  feet,  and  if  the  water  supply  from  all  sources  should 
be  cut  off,  and  the  discharge  of  225,000  cubic  feet  per  second  were  un- 
interruptedly continued  (eliminating  the  factor  of  evaporation)  it 
would  take  about  123  years  time,  to  draw  off  the  whole  of  the  water 
which  is  stored  in  these  basins,  through  a  conduit  whose  discharge 
should  be  equal  to  that  of  the  St.  Clair  river,  and  this  one  hundred  and 
twenty  third  part  is  all  which  is  derived  annually  from  all  sources  of 
supply,  and  when  it  is  further  considered,  that  this  quantity  is  the  re- 
sultant of  outflow  for  365  days,  the  insignificance  of  the  discharges  of 
ths  streams  which  are  scattered  along  nearly  four  thousand  miles  of 
shore  line,  and  their  effect  towards  producing  constant  currents  in  the 
lakes  is  apparent.  The  mean  annual  precipitation  during  a  period  of 
twenty-eight  years,  upon  the  Lake  Superior  basin,  has  been  deter- 
mined at  2.58  feet,  and  the  area  of  the  water-shed  including  the  lake 
area  is  82,800  square  miles.  The  mean  annual  precipitation  during 
the  same  period,  upon  the  united  areas  of  the  lakes  and  basins  of  Lakes 
Michigan  and  Huron  is  taken  at  2.86  feet,  their  united  areas  being  115 
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650  square  miles.  The  total  rain  fall  over  the  combined  basins  of  the 
three  lakes  in  one  year  is  15,176,527,037,200  cubic  feet,  which  is  more 
than  twice  the  volume  of  discharge  of  the  St.  Clair  river.  It  is  evi- 
dent therefore  that  the  loss  by  evaporation  (which  includes  the  land 
soakage)  is  more  than  one-half  (probably  three-fifths)  of  the  water 
which  is  contributed  from  all  sources. 

Another  illustration  will  show  that  the  total  volume  of  water  dis- 
charged from  the  three  great  lakes,  in  comparison  with  the  move- 
ments effected  by  atmospheric  pressure  is  small.  A  rise  of  six  inches 
over  an  area  equal  to  one. quarter  of  the  area  of  Lake  Michigan  is 
greater  in  volume  than  one-sixth  of  the  mean  annual  precipitation 
over  the  same  area,  and  it  also  represents  a  displacement  equal  to  one- 
ninetieth  y90  part  of  the  total  discharge  through  the  St.  Clair  River 
in  one  year,  or  the  quantity  which  is  discharged  in  the  space  of  about 
four  days,  and  more  than  twelve  times  as  much  as  is  precipitated  in- 
to the  whole  of  Lake  Michigan  in  that  space  of  time.  Such  a  move- 
ment is  sometimes  effected  in  the  space  of  a  few  hours.  To  demon- 
strate this,  we  find  that  one  square  mile  contains  27,878,400  square 
feet.  The  number  of  square  miles  in  i  area  of  Lake  Michigan  is 
5,610.     Then  for  a  rise  of  six  inches  as  above  stated  we  have 

27,878,460  X  5,610  =    ^6,397  824,000  =  ^^^ 

cubic  feet  of  water  displaced,  and  the  discharge  through  the  Straits 
of  St.  Clair  in  4  days  is  77,760,000,000.  The  quantities  which  have 
been  introduced  to  verify  what  has  been  stated,  seem  to  be  veiw  large 
but  they  are  only  relatively  so,  for  if  we  should  be  disposed  to  make 
farther  comparisons,  we  should  find  that  to  form  one  Gulf  stream  it 
would  require  the  volume  of  more  than  5,000  such  rivers  as  that  of  the 
St.  Clair.  Without  farther  digression  it  is  reasonable  to  suppose  that 
the  lake  currents  are  subject  to  changes  in  direction  in  accordance 
with  the  varying  pressures  imposed  by  the  atmosphere  upon  the  water 
surface. 

An  occurence  similar  to  that  above  cited  for  illustration,  happened 
while  I  was  engaged  in  surveyiug  the  east  arm  x>f  Grand  Traverse  Bay, 
Michigan.  Buoys  had  been  placed  out  preparatory  to  taking  sound- 
ings, some  of  which  were  set  in  water  from  60  to  80  fathoms  deep. 
On  the  following  morning,  one  of  the  assistants  attached  to  my  party 
left  camp  for  the  purpose  of  commencing  the  work  of  sounding  be- 
tween thebuoj's  and  shores,  but  could  find  no  buoys.  His  first  thought 
was,  that  some  one  in  need  of  rope  must  have  taken  them  up  and 
stolen  the  lines,  and  so  reported.  I  advised  him  not  to  be  too  hasty  in 
his  condemnation  of  the  honest  Indians  and  settlers  living  in  the  vicin- 
ity, but  to  await  further  developments.  Upon  going  out  the  next 
■day,  every  buoy  was  found  to  be  in  its  proper  position.       The  tempo- 
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irary  disappearance  of  the  buoys  was  due  to  a  strong  current  which 
was  running  out  of  the  bay,  and  which  had  drawn  them  down  below 
the  surface  of  the  water,  and  kept  them  hidden  there  until  the  equili- 
brium of  the  two  elements  was  restored,  when  they  again  assumed 
their  former  vertical  positions. 

On  the  19th  of  January  last,  I  noticed  an  item  in  the  Evening  Wis- 
consin, which  stated  that  in  the  Northwest  the  barometer  had  been 
ranging  very  high,  but  on  that  day  it  had  fallen  over  an  inch.  I  clipped 
this  from  the  paper,  and  the  next  day's  issue  described  a  phenomenon 
very  similar  to  the  occurrence  mentioned  above,  only  that  ifc  is  said  to 
have  occurred  in  the  west,  instead  of  the  east  arm  of  the  same  bay 
and  was  much  more  marked  in  its  effects.  The  article  was  written  at 
Traverse  city  and  read  as  follows;  "At  a  few  minutes  before  8  o'  clock 
the  wells  at  the  water-works  and  the  electric  light  plants  gave  out 
simultaneously.  The  men  at  the  plants  began  investigating,  com- 
pared notes,  and  concluded  that  the  intake  pipes  from  the  bay  had 
been  blocked  by  floating  ice.  They  went  to  the  bay  to  investigate 
and  found  the  bottom  of  the  bay  entirely  bare  for  fully  100  feet  from 
the  usual  shore-line.  The  water  had  fallen  fully  seven  feet.  Boats 
of  all  kinds,  steam  and  sail  were  grounded.  Docks  were  high  and  dry 
upon  the  beach,  and  pleasure  cottages  that  but  an  hour  before  had 
their  steps  lapped  by  the  waters  of  the  bay,  were  now  saven  or  eight 
rods  from  the  water  line.  For  fully  an  hour,  the  city  was  in  total 
darkness,  and  many  assembled  at  the  beach  and  upon  the  docks  to 
view  the  curious  phenomenon.  Then  with  a  mighty  rush,  the  waters 
came  back  to  their  natural  place  with  the  force  of  a  tidal  wave.  The 
waves  tumbled  over  each  other  as  though  lashed  by  a  mighty  wind, 
and  their  tops  threw  clouds  of  spray  many  feet  into  the  air.  Boats 
were  washed  from  their  moorings  and  cast  many  feet  upon  the  beach; 
dock  piles  were  loosened  and  came  tumbling  into  shore  with  the  rush- 
ing waters,  and  the  doors  and  windows  of  many  of  the  cottages  were 
smashed  in.  The  damage  was  considerable,  especially  to  shipping. 
Once  before  this  fall,  the  water  in  the  bay  fell  five  and  one-half  feet 
in  two  days,  but  last  night's  sudden  fall  discounts  any  record  kept  by 
the  oldest  inhabitants.  As  no  strong  breeze  was  blowing  from  off 
shore,  the  mystery  seems  the  more  inexplicable."  A  question  may 
possibly  be  suggested  in  regard  to  the  probability  of  the  existence  of 
constant  lake  currents,  which  are  proportionate  in  volume  and  simi- 
lar in  action  to  those  of  the  ocean.  A  reply  to  this  would  be,  that  the 
general  conditions  or  agencies  which  produce  ocean  currents  are  want- 
ing in  the  comparatively  circumscribed  area  of  the  lake  region,  the 
whole  of  which  is  inclosed  within  the  boundaries  of  eight  degrees  of 
latitude,  in  a  temperate  zone,  and  is  practically  unaffected  by  tidal 
influence,  whereas  the  ocean,  extending-  from  the  torrid  to  the  frigid 
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zones  is  subject  to  extremes  of  heat  and  cold,  and  the  difference  in  the 
temperature  of  the  water,  is  generally  conceded  to  be  one  of  the  chief 
causes  of  constant  upper  currents.  The  influence  of  the  lunar  tide  in 
the  formation  of  currents  in  any  of  the  lakes  is  very  slight.  Some 
years  ago,  observations  were  made  with  a  view  to  determine  its  ampli- 
tude in  Lake  Michigan,  which  are  said  to  have  determined  its  height  at 
1  \  inches,  but  the  changes  which  are  due  to  atmospheric  influence 
would  seem  to  be  of  such  superior  magnitude  as  to  render  an  exact 
determination  of  the  effect  of  lunar  attraction  almost  impracticable. 
That  a  tidal  action  due  to  lunar  influence  takes  place  as  regularly  in 
Lake  Michigan  as  in  any  other  body  of  water  is  undoubtedly  true,  as 
it  also  occurs  in  even  a  pail  of  water,  or  a  bowl  of  punch,  but  the 
liability  to  disturbances  or  interferences  incident  to  the  latter  case 
cited,  would  render  the  obtaining  of  its  exact  amplitude  somewhat 
difficult.  Instances  are  not  unfrequent  when  a  current  is  found  to  be 
running  in  an  opposite  direction  to  that  of  the  wind,  with  a  force 
sufficient  to  prevent  a  vessel  from  being  kept  closely  moored  to  one 
of  the  open  pile  piers,  which  until  recently  were  used  as  landing  places 
for  steamers  engaged  in  the  coasting  trade  of  the  lakes.  Any  experi- 
enced commander  of  one  of  these  steamers  could  without  doubt  cite 
many  instances  when  he  had  been  obliged  to  cast  off  the  lines,  and 
move  to  the  current-ward  side  of  the  wharf,  by  reason  of  this  opposi- 
tion of  forces. 

It  has  been  shown  that  the  volume  of  water  discharged  by  the 
streams  which  enter  Lake  Michigan  is  small  in  comparison  with  the 
expanse  into  which  they  are  merged.  In  discussing  the  variations  in 
the  heights  of  water  surface  due  to  atmospheric  pressure  reasonable 
proof  has  been  given  of  the  variableneness  of  the  currents  thereby 
engendered;  and  it  is  apparent  that  the  lunar  tidal  influence  is  inap- 
preciable. It  would  therefore  seem  as  though  the  wind  force  and  the 
configuration  of  the  lake  shores  and  bed,  are  the  only  remaining  sources 
which  can  possibly  effect  the  maintenance  of  a  constant  current.  The 
variableness  of  the  wind  over  the  lake  region,  and  the  absence  of  what 
are  termed  trade  winds  on  the  ocean,  must  be  accepted  as  sufficient 
argument  against  this  theory.  Peculiarities  in  the  form  of  a  shore, 
such  as  a  deep  bay,  similar  to  that  of  Grand  Traverse;  or  a  reef  or 
shoal,  may  sometimes  conduce  to  the  formation  of  a  temporary  local 
current,  but  in  the  absence  of  perceptible  lunar  tides,  they  offer  no 
proof  of  the  constancy  of  currents  in  bodies  of  water  which  are  sub- 
ject to  sudden  fluctuations  through  changes  in  atmospheric  pressure. 
The  insignificance  of  the  volume  of  water  discharged  by  any  one  of 
the  streams  entering  Lake  Michigan,  as  compared  with  the  whole  vol- 
ume which  is  contained  in  the  lake  has  been  shown  by  way  of  illustra- 
tion.      If,  however,  any  one  of  these  streams,  having  a  discharge  of 
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three  or  four  thousand,  or  more  cubic  feet  per  second,  should ,  be 
diverted  from  its  course  to  the  lake,  in  some  other  direction,  its  effect 
would  not  be  immediately  perceptible,  but  such  a  diversion  would 
without  doubt  ultimately  affect  the  mean  lake  level,  proportionately 
with  the  quantity  of  water  thus  diverted.  If  this  were  not  the  case, 
ib  might  be  proper  to  advance  the  theory,  that  no  perceptible  change 
would  be  made  in  the  general  level  of  the  lakes,  if  the  water  of  a 
the  streams  which  enter  them  were  shut  out.  The  dependence  of  the 
head  of  water  upon  the  rain  fall,  has  been  well  exemplified  recently. 
A  comparison  of  the  records  of  the  Meteorological  Office,  with  those 
kept  in  the  U.  S.  Engineer  Office,  shows  the  deficiency  in  amount  of 
precipitation  from  January  1886  to  January  1892,  to  have  been  about 
20  inches,  and  the  lake  surface  on  January  1st.  of  this  year,  was  24 
inches  below  its  mean  level.  A  lack  of  precipitation  is  in  its  effects, 
the  same  as  would  be  produced  by  any  other  kind  or  method  of  diversion 
or  abstraction. 
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By  Prof.  Mat.verd  A.  Howe,  Member  Engineers'  Club  of  St.  Louis. 


[Read  May  18,  1892.] 

Within  the  limits  of  this  paper  it  will  be  possible  to  consider  only 
the  stresses  in  the  main  trusses  of  draw  bridges  consisting  of  two  equal 
spans. 

The  live  and  dead  loads  will  be  assumed  as  concentrated  at  the 
panel  points.  For  equal  panels,  the  live  load  concentrations  will  be 
considered  as  equal. 

The  "Three  Moment  Theorem"  will  form  the  foundation  for  the 
few  formulas  introduced. 

The  following  cases  will  be  considered. 

A. — Stresses  due  to  the  dead  load  alone. 

a.     When  the  draw  is  open. 

6.  When  the  draw  is  closed,  both  ends  just  touching  the  supports 
and  latched  or  unlatched. 

c.  When  the  draw  is  closed  and  both  ends  are  raised,  causing  defi- 
nite reactions  at  the  end  supports. 

d.  When  case  c  is  supposed  to  obtain  and  through  carelessness  or 
an  accident  only  one  end  is  raised. 

B. — Stresses  due  to  the  live  load  alone. 

a.  When  draw  is  closed  and  ends  just  touch  the  supports  when  no 
live  load  is  on  the  bridge,  both  ends  latched  down. 
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b.  Same  as  case  a,  but  the  end  towards  which  the  live  load  is  mov- 
ing not  latched  down. 

c.  Same  as  case  a,  but  end  which  live  load  is  leaving  not  latched 
down. 

d.  When  draw  is  closed  and  ends  are  raised  causing  definite  dead 
load  reactions. 

e.  Same  as  case  d,  but  end  towards  which  live  load  is  moving,  not 
raised  from  the  support. 

f  Same  as  case  d,  but  end  which  live  load  is  leaving  not  raised 
from  support. 

A. — Cases  a,  b  and  c,  need  no  discussson  here  as  the  methods  of 
determining  the  stresses  are  well  known. 

In  case  d,  since  the  end  reactions  are  zero  before  the  ends  are 
raised,  the  end  reactions  will  be  equal  whether  one  or  both  are  raised 
and  the  stresses  can  be  found  by  the  usual  graphical  methods. 

B. — Case  a.  Since  the  draw  touches  all  the  supports  and  cannot 
leave  them  owing  to  the  ends  being  latched  down,  the  bridge  is  a  con- 
tinuous girder  of  two  spans.  (A  method  for  quickly  determining  the 
loads  which  produce  like  stresses  in  the  truss  members  will  be  given 
later.) 

Case  b.  Since  the  dead  load  is  balanced  on  the  turntable  support, 
as  the  live  load  enters  the  arm  which  is  latched  down  the  unlatched 
arm  will  leave  its  end  support,  hence,  as  long  as  the  live  load  does  not 
enter  the  unlatched  arm,  the  latched  arm  is  to  be  considered  as  a  dis- 
continuous span  in  determining  the  stresses.  As  the  live  load  passes 
over  the  turntable  support  into  the  unlatched  span,  the  latched  arm 
can  no  longer  be  considered  as  discontinuous  and  the  unlatched  arm 
will  act  as  a  cantilever  until  sufficient  load  has  been  added  to  the  un- 
latched arm  to  cause  a  reaction  at  its  end  support  when  the  bridge  im- 
mediately becomes  a  continuous  girder  of  two  spans. 

This  case  can,  of  course,  obtain  only  under  gross  carelessness  or  by 
the  failure  of  the  locking  machinery,  and  hence  is  not  usually  found 
in  specifications. 

Case  c.  As  the  live  load  enters  on  the  unlatched  arm  it  will  im- 
mediately bear  upon  its  support  and  the  bridge  becomes  a  continuous 
girder  of  two  spans.  As  the  live  load  leaves  the  unlatched  arm  this 
becomes  case  b.  For  the  reasons  stated  under  case  b,  this  case  is  not 
included  in  specifications. 

Case    d.     The  bridge  is  a  continuous  girder  of  two  spans. 

Cases  e  and  /.  If  the  ends  are  designed  to  be  raised  the  proper 
amount  the  bridge  will  be  a  continuous  girder  of  two  spans.  As  these 
two  cases  cannot  obtain  unless  under  gross  carelessness  or  the  break- 
ing of  the  raising  machinery,  they  are  not  as  a  rule  included  in  specifi- 
cations. 
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Then  the  following  assumptions  may  be  considered  as  sufficient  in 
computing  the  stresses  in  a  draw  bridge  of  two  spans. 

I. 

The  ends  of  the  draw  latched  down  when  closed. 

a.     Draw  open  and  subjected  to  dead  load  only. 

/?.  Draw  closed,  ends  latched  down,  and  entire  dead  load  carried 
by  turntable  support. 

Y-  Draw  closed,  ends  latched  down,  and  considered  as  a  continu- 
ous girder  of  two  spans  for  the  live  load  alone. 

Cases  a,  or  cases  (5  and  y  combined,  will  give  the  maximum  stress- 
es. 

II. 

The  ends  of  the  draw  raised  when  closed. 
a.     Draw  open  and  subjected  to  dead  load  alone. 
y5.     Draw  closed,  ends  raised,  and  subjected  to  dead  load  alone. 
Y«     Draw  closed,  ends  raised  and  considered  as  a  continuous  girder 
of  two  spans  for  live  load  alone. 

Case  a,  or  eases  /5  and  y  combined,  will  give  the  maximum  stresses. 

As  the  methods  of  determining  the  stresses  due  to  the  dead  load 
are  well  known  it  will  not  be  necessary  to  consider  them  here.  There 
remains  then  to  consider  the  method  of  determining  the  stresses  due 
to  the  live  load  when  the  bridge  is  considered  as  a  continuous  girder 
of  two  spans. 

From  the  "Theorem  of  Three  Moments"  the  following  equations 
are  easily  deduced. 

Let    Mi  —  the  bending  moment  over  the  turntable  support. 
Si  =  the  reaction  at  the  left  support  of  the  first  arm. 
Pi  =  any  concentration  in  the  first  arm. 
P2  =  any  concentration  in  the  second  arm. 
aj  =  the  abscissa  of  any  load  Pi.     (The  left  support  being  the 
origin.) 

a2  =  the  abscissa  of  any  load  P2. 

(origin  at  left  support  of  second  arm.) 

L  =  the  length  of  either  arm. 
ft     -      ttl 

K1    =   ft  —  ft3 
K  =  2k  —  3ft2  +   ft3 

X0  =  The  abscissa  of  the  point  of  zero  moment  in  the   first 
arm  for  any  load  Px  or  P2. 
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For  loads  in  the  first  arm 

'  "  4 


Ma  =  —  ^  P,  L  (1) 


For  loads  in  the  second  arm 


K2 


M,  =   —  -±  P2L  (2) 


where  AV  =  kx  —  kf  and  K2  =  2k2  —  3k22  +   k2 

For  loads  in  the  first  arm 

AV> 


( 1  —  fci )  —  ~j"  )  ^*i  (always  positive)      (3) 


For  loads  in  the  second  arm 


Si  =  —  —  P2  (always  negative)  (4) 


For  loads  in  the  first  span 


X0  = 


-((,_M-    f)  (5) 


For  loads  in  the  second  span 

X0  =   O  (6) 

From  equations  (2)  and  (6)  it  is  seen  that  all  loads  in  the  second  arm 
cause  negative  moments  in  the  first  arm. 

From  Diagram  I  the  values  of  X0  for  loads  in  the  first  arm  can  be 
found  and  those  loads  selected  which  cause  negative  moments  at  any 
specified  point;  these  loads  with  those  in  the  second  arm  will  cause  the 
maximum  negative  moments  at  this  point;  all  other  loads  will  cause 
positive  moments  at  this  point. 

Knowing  the  proper  loading  the  maximum  chord  stresses  are  easily 
obtained  graphically  by  taking  Sr  from  Diagram  I  and  using  Clerk 
Maxwell's  graphical  method  or  by  taking  the  values  of  Ms  from  the 
Diagram  and  drawing  the  equilibrium  polygon. 

From  equation  (3)  it  appears  that  the  shear  in  the  first  arm  is  posi- 
tive for  all  loads  in  that  arm'  and  from  equation  (4)  that  the  shear  is 
negative  in  the  first  arm  for  all  loads  in  the  second  arm. 

Then  to  obtain  the  maximum  stresses  due  to  negative  shear,  consid- 
er the  second  arm  as  loaded  over  all  and  the  moving  load  in  the  first 
arm  as  moving  from  the  end  towards  the  turntable. 

Take  the  values  of  Si  from  the  Diagram  I  and  compute  the  shear 
by  considering  the  first  arm  as  discontinuous  using  the  values  of  Si  as 
reactions.  The  extent  of  the  load  in  the  first  arm  will  follow  the  same 
law  as  for  discontinuous  bridges. 

For  the  maximum  stresses  due  to  positive  shear  consider  the  second 
arm  as  empty  and  the  moving  load  in  the  first  arm  as  moving  from  the 
turntable  towards  the  end  of  the  arm;  treating  the  span  as  discontinu- 
ous and  using  the  values  of  Si  as  given  by  Diagram  I  as  reactions. 
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The  extent  of  the  load  follows  the  same  law  as  for  discontinuous  spans. 
To  illustrate  the  utility  of  Diagram  1  and  the  simplicity  of  the 
method  outlined  above,  the  following-  example  is  solved: 

From  Fig.  1.  the  following  values  are   obtained  for  load  at  panel 
point. 


No. 

ai  • 

fci 

a2 

#2 

1 

19 

0.106 

28 

0.894 

2 

38 

0.211 

47 

0.789 

3 

57 

0.317 

66 

0.683 

4 

76 

0.422 

85 

0.578 

5 

95 

0.528 

104 

0.472 

6 

114 

0.633 

123 

0.367 

7 

133 

0.739 

142 

0.261 

8 

152 

0.844 

161 

0.156 

From  Diagram  I.  the  following  values  of  X0  are  obtained  for  loads 
in  first  arm  at  panel  point. 


No. 

a, 

X0  = 

F   X  L 

1 

19 

0.802  X 

180 

=  144.4 

2 

38 

0.807  X 

180 

=  145.3 

3 

•  57 

0.818  X 

180 

=  147.2 

4 

76 

0.829  X 

180 

=  149.2 

5 

95 

0.846  X 

180 

=  152.3 

6 

114 

0.870  X 

180 

=  156.6 

7 

133 

0.898  X 

180 

=  161.6 

8 

152 

0.934  X 

180 

=  168.1 

Comparing  the  values  of  X0  with  the  values  of  oa  which  are  the 
abscissas  of  the  center  of  moments  for  the  chords  as  well  as  the  posi- 
tions of  the  loads  Pu  the  following  conclusions  are  readily  reached: 

1.    The  maximum  positive  moments  for  all  centers  of  moments 
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from  1  to  7  inclusive  will  obtain  when  panel  points  1  to  8  inclusive  of 
the  first  arm  are  loaded. 

2.  The  maximum  positive  moments  for  the  center  of  moments  at 
8  will  obtain  when  panel  points  5  to  8  inclusive  of  the  first  arm  are 
loaded. 

3.  The  maximum  negative  moments  for  all  centers  of  moments 
from  1  to  7  inclusive  will  obtain  when  all  panel  points  in  the  second 
arm  are  loaded. 

4.  The  maximum  negative  moment  for  the  center  of  moments  at 
8  will  obtain  when  all  panel  points  in  the  second  arm  and  panel  points 
1  to  4  inclusive  of  the  first  arm  are  loaded. 

5.  From  equations  (1)  and  (2)  it  is  evident  that  for  center  of  mo- 
ments over  the  turntable  support,  all  moments  will  be  negative  and  a 
maximum  when  both  arms  are  loaded  at  each  panel  point.  The  mag- 
nitudes of  the  maximum  moments  are  easily  and  quickly  obtained  as 
follows: 

First  determine  the  values  of  M2  from  Diagram  I. 

For  loads  in  the  first  arm  at  panel  points. 


No. 

Ma   = 

=  F  P 

xr-fio 

1 

—  0.0605 

Pi 

X 

18  =  —  10.890  P, 

1 

2 

3 

—  0.0837 

—  0.0947 

Pi 
Pi 

X 

X 

18  =  —  15.066  Pi 
18  =  —  17.046  P, 

y 

=  60.138  P, 

4 

—  0.0952 

Pi 

X 

18  =  —  17.136  P, 

j 

5 

—  0.0865 

Pi 

X 

18  =  —  15.570  Pi 

i 

6 

7 

—  0.0714  P, 
-  0.0506  P, 

X 
X 

18  = —  12.852  P, 
18  =  —  9.108  P, 

r 

=  42.264  P, 

8 

—  0.0263  Pi 

X 

18  =  —  4.734  P, 

J 

102.402  P, 


Since  the  draw  is  symmetrical,  the  value  of  M2  for  loads  in  the  se- 
cond arm  will  be  the  same  as  the  above  reading  from  the  bottom  up- 
ward. 

For  positive  moments  1  to  7  inclusive,  loads  1  to  8  inclusive  in  first 
arm  are  to  be  used.  Lay  off  the  load  line  A,  B, I  in  Fig  2.  As- 
sume any  pole  and  construct  the  equilibrium  polygon  M,  Si,  S2 N 


MAXIMUM    STRESSES    IN    DRAW    BRIDGES.  377 

connecting  the  points  M  and  N  by  a  right  line.       From  N  lay  ofS.NO 

M%        102.4    _,         ,    ,  ,,  ,. 

—  — -  =    -=—  Pi  and  draw  M  O. 
H  H 

Then  the  ordinates  between    M  0  and  the  equilibrium    polygon 

under  the  panel  points  1,2 7  inclusive  muliplied  by  H  will  be  the 

maximum  moments  at  these  points. 

For  the  maximum  positive  moment  at  panel  point  8,  only  loads 
5  -  -  8  inclusive  of  the  first  arm  are  to  be  used. 

Following  the  same  method  as  outlined  above  in  Fig.  3,  the  ordi- 
nate under  8  multiplied  by  H  will  be  the  maximum  positive  moment 
at  8. 

For  the  maximum  negative  moments  from  1  to  7  inclusive  only  the 
loads  in  the  second  span  are  to  be  employed. 

In  Fig.  2,  the  ordinates  between  the  lines  M  N  and  M  0,  multiplied 
by  H,  under  points  1  to  7  inclusive  give  the  maximum  negative  mo- 
ments at  these  points  respectively. 

For  maximum  negative  moments  at  8  the  second  arm  is  to  be  load- 
ed over  all  and  loads  1  to  4  inclusive  in  the  first  arm  are  to  be  consid- 
ered also.  From  Fig.  1,  the  negative  moment  due  to  the  loads  in  the 
second  arm  is  given  by  multiplying  the  ordinate  between  the  lines  M 
N  and  MO  by  H  and  the  similar  ordinate  in  Fig.  4  between  the  line 
M  O  and  the  string  St  multiplied  by  H  gives  the  negative  moment  due 
to  the  loads  1  to  4  inclusive;  the  sum  of  these  two  moments  gives  the 
maximum  negative  moment  at  8. 

The  maximum  negative  moment  over  the  turntable  equals  102.4 
Pi  X  2  equals  204.8  Pi.  Thus  the  maximum  positive  and  negative 
moments  are  quickly  obtained  by  drawing  three  equilibrium  polygons. 

The  determination  of  the  web  stresses  needs  no  explanation  further 
than  the  statement  that  all  loads  in  the  second  arm  cause  negative 
shear  in  the  first  arm  which  must  be  increased  by  the  negative  shear 
caused  by  the  moving  load  in  the  first  arm  moving  from  the  end 
towards  the  turntable. 

The  maximum  positive  shear  is  caused  by  loads  in  the  first  arm  on- 
ly and  moving  from  the  turntable  towards  the  end  of  the  arm. 

The  values  of  Si  for  loads  at  panels  points  given  below  can  be  found 
from  Diagram  I. 

The  determination  of  maximum  stresses  by  the  above  method  is 
very  simple  and  at  the  same  time  exact. 

In  case  the  panel  concentrations  are  not  equal,  the  determination 
of  the  maximum  stresses  is  somewhat  more  tedious;  although  the  field 
of  loads  giving  moments  or  shears  of  the  same  kind  do  not  change,  yet 
the  distribution  of  the  various  concentrations  within  these  fields  af- 
fects the  magnitudes  of  the  moments  or  shears. 

Probably  the  simplest  method  of  procedure  is  to  tabulate  the  mo- 
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No. 

S  =  F,   First  arm. 

S  =  F,  Second  arm. 

1 

+ 

0.867  P, 

—  0.0605  P2 

2 

+ 

0.738  P, 

—  0.0837  P2 

3 

+ 

0.612  P, 

—  0.0947  P. 

4 

+ 

0.492  P, 

—  0.0952  Ps 

5 

+ 

0.375  P, 

—  0.0865  P2 

6 

-r 

0.273  P, 

—  0.0714  P2 

7 

+ 

0.177  P, 

—  0.0506  P2 

8 

+ 

0.095  P, 

—  0.0263  P£ 

merits  and  shears  for  each  panel  for  each  load  and  then  distribute  the 
concentration  as  nearly  as  possible  according  to  the  magnitudes  of  the 
moments  and  shears  thus  tabulated. 

This  tabulation  is  very  quickly  made  after  the  equilibrium  poly- 
gons have  been  constructed. 

In  case  a  uniform  load  and  an  engine  excess  is  specified,  the  meth- 
od explained  above  can  be  employed  for  the  uniform  portion  of  the 
load  and  then  the  stresses  due  to  the  excess  alone  can  be  determined  by 
the  method  of  tabulation. 

If  wheel  concentrations  are  specified  the  determination  of  maxi- 
mum stresses  becomes  very  complex.  Either  an  assumed  uniform 
load  or  a  uniform  load  with  an  engine  excess  will  give  stresses  close 
enough  for  all  practical  purposes. 

All  draw  bridges  having  a  short  span  over  the  turntable  can  be 
considered  as  two  span  girders  only,  when  there  is  no  web  bracing  in 
this  span  or  such  web  bracing  is  so  arranged  that  it  cannot  possibly 
act  when  any  live  load  is  on  the  bridge. 
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ASTRONOMICAL  SPECTROSCOPY,  WITH  SPECIAL  REFERENCE 
TO  THE  MOST  RECENT  PHOTOGRAPHIC  DEVELOPMENTS. 


By  Dayton  C.  Miller,  D.  Sc.,  Member,  Civil  Engineers'  Club  of 

Cleveland. 


[Read  April  12,  1892.] 

Recently  one  of  the  most  generous  benefactors  of  Princeton  College 
gave  to  the  Halsted  Observatory  a  new  spectroscope  which,  in  several 
respects,  is  more  powerful  and  complete  than  any  before  in  use.  Prof. 
Young,  the  director  of  the  observatory,  was  among  the  first  to  apply 
the  spectroscope  to  the  study  of  the  physical  and  chemical  constitution 
of  the  sun,  and  his  work  and  discoveries  have  made  him  one  of  the 
highest  authorities  on  the  subject.  For  this  line  of  work  the  two 
Princeton  observatories  are  specially  well  equipped  with  two  tele- 
scopes of  9i  inches  and  23  inches  aperture,  fitted  with  no  less  than  six 
spectroscopes  of  all  sizes.  It  has  been  the  writer's  privilege  to  spend 
the  greater  part  of  three  years  at  these  observatories  and  to  assist,  in 
the  summer  of  1891,  in  setting  up  and  adjusting  the  new  spectroscope 
and  in  some  preliminary  work  done  with  it.  The  object  of  this  paper 
is  to  describe  this  instrument  and  the  work  that  has  been  done  with  it, 
together  with  brief  mention  of  work  of  a  similar  nature,  being  carried 
on  at  two  other  observatories. 

In  the  original  paper  the  sun  was  considered  as  the  typical  source 
of  energy  and  the  fundamental  optical  theory  of  the  spectroscope  was 
explained  as  briefly  and  simply  as  possible,  and  the  principles  of  spec- 
trum analysis  given.  The  construction  of  the  spectroscope  in  its  dif- 
ferent forms  was  described. 

The  principal  astronomical  facts  relating  to  the  sun,  and  especially 
the  structure  of  the  solar  photosphere  and  spots,  chromosphere  and 
prominences,  and  corona,  were  explained.  The  application  of  the  spec- 
troscope to  the  study  of  the  physical  and  chemical  structure  of  the 
sun  was  outlined. 

The  new  spectroscope  for  the  23  inch  telescope  of  the  Princeton 
observatory  was  made  by  Brashear,  of  Allegheny,  who  also  made  the 
spectroscope  for  the  Lick  Observatory.  It  is  a  universal  instrument 
as  regards  its  adaptability  to  all  kinds  of  spectroscopic  work,  and,  in 
completeness  of  detail  and  in  its  efficiency,  it  is  not  equalled  by  any 
other  instrument  yet  constructed. 

The  collimator  and  view-telescopes  are  each  provided  with  two  sets 
of  objectives  of  %\  inches  diameter  and  30  inches  focal  length;  one  set 
for  visual  observation,  the  other  set  specially  corrected  for  photo- 
graphic work.  According  to  Prof.  Young's  idea  the  objectives  of  both 
collimator  and  view-telescope  are  focussed  together  by  one  motion. 

The  slit-plate  with  its  attachments  is  one  of  the  most  elaborate  and 
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carefully  constructed  parts  of  the  instrument.  The  slit  is  adjustable 
in  width  from  zero  to  one-half  inch,  and  in  length  from  zero  to  one 
inch.  It  can  be  moved  laterally  on  the  slit-plate.  It  is  fitted  with  a 
comparison  prism,  and  an  attachment  for  producing  the  electric  arc  for 
forming'  metallic  spectra  used  in  comparisons.  It  has  a  rotation  prism 
for  making  any  portion  of  the  sun's  limb  tangent  to  the  slit  without 
turning  the  eye-piece  out  of  a  convenient  position.  Above  the  slit  is 
a  set  of  colored  screens,  and  just  below  it  is  arranged  a  small  telescope 
for  observing  the  slit  in  order  to  place  it  exactly  upon  a  star-image. 

The  spectroscope  is  attached  to  the  large  telescope  by  four  steel 
tubes  held  in  a  light  frame-work  in  such  a  manner  that  the  whole  can 
be  rotated  around  the  optical  axis.  The  collimator  is  held  inside  this 
frame-work  and  is  adjustable  laterally  so  that  its  axis  can  be  made  to 
coincide  with  the  optical  axis  of  the  large  telescope;  and  it  is  moveable 
along  the  optical  axis  several  inches,  to  bring  the  slit  into  the  focus  of 
the  large  objective  for  that  portion  of  the  spectrum  under  study. 

The  view-telescope  is  held  in  place  by  steel  arms  attached  to  the 
main  frame- work  so  that  its  axis  can  be  adjusted  as  required.  It  is 
fitted  with  a  micrometer  having  electric  illumination  for  the  wires. 
The  view-telescope  can  be  separated  at  its  middle,  the  micrometer  and 
eye-piece  removed,  and  in  their  place  can  be  put  a  photographic  plate- 
holder  arranged  to  carry  4x5  inch  plates. 

There  are  three  dispersion  pieces.  A  very  fine  5  inch  diffraction 
grating  by  Rowland  writh  20,000  lines  per  inch  is  used  for  solar  work. 
This  is  supported  upon  a  table  with  adjustments  to  bring  it  normal 
to  the  plane  of  the  optical  axis,  and  it  can  be  rotated  to  bring  any  por- 
tion of  tlie  spectrum  of  anv  order  into  the  field  of  view.  In  place  of 
the  grating  there  may  be  substituted  a  single  prism  of  small  refract- 
ing angle,  with  silvered  back,  which  furnishes  by  reflection  a  bright 
spectrum  of  low  dispersion.  It  is  used  for  observing  the  spectra  of 
comets,  nebula?  or  other  faint  objects. 

By  removing  the  grating  table  and  making  some  changes  in  the 
supports  of  the  view-telescope,  a  box  of  prisms  can  be  used  for  giving 
a  high  dispersion  in  stellar  work.  There  is  a  system  of  four  large 
compound  prisms,  each  consisting  of  a  prism  of  Jena  glass  faced  with 
wedges  of  crown  glass.  The  size  of  the  faces  of  the  prisms  is  2£x3; 
inches,  and  the  backs  measure  4  inches  long.  The  whole  system  can 
be  adjusted  for  minimum  deviation  bv  a  single  motion.  This  angle- 
for  the  violet  end  of  the  spectrum  is  about  165°. 

All  the  adjustments  of  the  entire  instrument  are  made  from  the 
slit  end  bjr  means  of  milled  thumb  screws,  and  the  principal  adjust- 
ments are  provided  with  graduated  scales  to  facilitate  the  setting  of 
the  instrument  for  any  particular  work. 

The  first  photograph  of  a   solar  prominence  ever  taken  was  made  ' 
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by  Prof.  Young  in  1870.  A  collodion  wet-plate  was  used  and  the  time 
of  exposure  was  about  five  minutes.  After  this  the  next  photograph 
of  a  prominence  was  made  by  Prof.  Geo.  E.  Hale  in  May,  1891.  The 
method  is  a  simple  one.  A  prominence  having  been  found  the  spec- 
troscope is  properly  adjusted  to  it  by  observing  it  in  the  C  line  of  the 
red  end  of  the  spectrum,  the  slit  being  either  radial  or  tangential. 
The  H  and  K  bands  of  the  violet  end  are  then  brought  into  the  field  of 
view;  the  photographic  plate  holder  and  dry-plate  are  substituted  for 
the  eye-piece,  and  with  a  wide  open  slit  an  exposure  of  from  five  to 
twenty  seconds  is  made.  Upon  development  the  prominence  is  clear- 
ly seen  on  the  dark  background  of  the  H  and  K  bands.  These  bands 
being  very  wide  are  excellent  for  this  purpose.  The  fourth  order 
spectrum  is  used  to  obtain  very  large  dispersion.  To  obtain  the  spec- 
trum of  a  prominence  or  the  chromosphere  it  is  only  necessary  to  use 
a  narrow  slit  instead  of  an  open  one. 

Using  the  grating  a  number  of  excellent  photographs  of  the  spectra 
of  the  chromosphere  and  prominences  were  made  at  Princeton  in  Au- 
gust, 1891.  Also  a  number  of  good  photographs  of  sun-spot  spectra, 
and  of  prominence  forms  were  obtained.  The  chromosphere,  promi- 
nence and  spot  spectra  all  show  the  constant  and  brilliant  reversibility 
of  the  H  and  K  lines,  first  seen  visually  by  Prof.  Young  in  1872.  Prof. 
Hale  thinks  the  H  and  K  bands  in  the  solar  spectrum,  and  the  bright 
H  and  K  lines  in  the  chromosphere  and  prominence  spectra  to  be  due 
to  calcium,  and  not  to  hydrogen  as  has  been  held  heretofore.  Prof. 
Young  thinks  it  doubtful  whether  they  are  due  to  calcium  though 
they  are  surely  not  due  to  hydrogen.  The  photographs  show  that  the 
substance  producing  the  H  and  K  lines  is  projected  into  the  extreme 
upper  region  of  the  sun's  atmosphere,  even  above  hydrogen.  The 
photographs  also  show  a  group  of  bright  hydrogen  lines  in  the  ultra- 
violet spectrum  of  the  chromosphere  which  are  characteristic  as  dark 
lines  in  the  spectra  of  stars  of  the  Sirian  type. 

The  spectra  of  several  stars  have  been  photographed  with  a  grating 
at  Princeton.  The  exposure  necessary  when  using  the  most  sensitive 
dry  plate  is  about  half  an  hour.  The  principal  lines  are  clearly  shown. 
This  is  interesting  as  being  the  first  instance  in  which  a  star  spectrum 
has  been  photographed  with  a  grating. 

In  April,  1892,  Mr.  Reed  at  Princeton  obtained  with  the  grating 
several  photographs  of  the  spectrum  of  Venus  in  daylight,  which 
show  clearly  the  displacement  of  the  lines  due  to  motion  in  the  line  of 
sight. 

Besides  continuing  the  very  interesting  and  promising  work  on  the 
sun,  it  is  intended  to  extend  the  work  to  the  study  of  stellar  motions 
in  the  line  of  sight  in  continuance  of  the  very  valuable  investigation 
of  Vogel  at  Potsdam.     Photography  gives  valuable  assistance  in  this 
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line  of  investigation,  for  the  displacement  of  the  lines  due  to  motion 
toward  or  from  the  observer  according  to  Doppler's  Principle,  can  be 
easily  photographed  and  afterward  very  accurately  measured.  The 
accuracy  of  the  method  has  exceeded  all  expectations.  Vogel  has 
studied  carefully  about  fifty  stars  and  has  been  able  to  throw  consid- 
erable light  upon  the  mechanical  relation  of  several  binary  stars,  and 
has  shown  conclusively  that  the  variability  of  Algol  is  due  to  eclipse 
by  a  dark  companion  revolving  about  the  bright  star  according  to  the 
laws  of  gravitation.  Vogel's  apparatus  is  being  increased  in  efficiency, 
and  soon  a  much  larger  number  of  stars  will  be  investigated. 

The  four  large  prisms  of  the  Princeton  spectroscope,  which  are  at 
present  in  the  hands  of  the  maker  for  a  slight  alteration,  taken  in  con- 
nection with  the  large  telescope  of  23  inches  aperture,  will  form  a 
powerful  instrument  of  research  in  this  direction.  Upon  the  whole  we 
may  confidently  hope  for  very  great  developments  in  the  near  future 
in  the  line  of  Astro-Physics  as  the  results  of  the  combination  of  tele- 
scope, spectroscope  and  camera. 

The  paper  was  illustrated  with  about  sixty  lantern  slides,  many 
having  been  made  from  original  negatives  of  recent  date,  specially  to 
illustrate  this  paper. 


AN  ENLARGED  WATERWAY  BETWEEN  THE  GREAT  LAKES 
AND  THE  ATLANTIC  SEABOARD. 


DISCUSSION. 


Continued  from  Page  597 ,    Vol.  X. 
By  Wm.  Pikrson  Jitdson,  M.  Am.  Soc.  C.  E.,  M.  Inst.  C.  E. 

In  the  varied  discussion  of  the  projected  enlarged  waterway  from 
the  west  and  northwest  to  the  sea,  question  has  been  raised  of  the 
practicability  of  the  last  link  in  the  great  chain. 

The  project  for  a  Ship  Canal  across  the  State  of  New  York,  from 
Lake  Ontario  to  the  Hudson  River,  through  Oneida  Lake  and  the  Val- 
ley of  the  Mohawk,  has  been  met  by  the  objection — fatal  if  proven — 
that  water-supply  cannot  be  provided  for  the  summit-level  in  Oneida 
County  near  Rome. 

The  Rome  summit-level  lies  across  the  lowest  part  of  the  flat  ridge 
of  earth  which  divides  the  valley  of  the  Oneida  and  Oswego  Rivers 
(flowing  north  and  west  into  Lake  Ontario)  from  the  valley  of  the  Mo- 
hawk River,  flowing  south  and  east  into  the  Hudson.  Its  elevation  is 
182  feet  above  Lake  Ontario  and  428  feet  above  tide  in  the  Hudson  at 
Albany.  Its  water-supply  will  most  readily  come  from  lakes  and  re- 
servoirs at  the  sources  of  the  tributaries  of  both  these  systems,   and 
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from  such  other  streams,  naturally  flowing  north  to  the  St.  Lawrence, 
as  can  be  diverted  to  join  them.  Examination  of  the  map  would  sug- 
gest Oneida  Lake  also,  but  it  lies  60  feet  below  the  summit-level  and 
therefore  is  not  available  as  a  source  of  water-supply  for  it,  though  the 
deep  water-way  of  the  Lake  is  otherwise  a  valuable  feature  of  the  route. 

Everyone  familiar  with  the  details  of  the  present  Erie  Canal,  (lo- 
cated upon  substantially  the  same  line)  knows  that  there  is,  in  dry 
seasons,  lack  of  water  for  this  same  summit  level,  and  this  fact  gives 
basis  for  the  objection  that  water  cannot  be  supplied  for  the  Ship  Ca- 
nal, which  must  be  five  to  six  times  larger.  It  is  of  vital  importance 
that  this  objection  should  now  be  met.  Congress  is  at  present  con- 
sidering an  appropriation  for  surveys  of  the  route,  one  of  the  prom- 
inent features  being  to  accurately  determine  the  possible  water-sup- 
ply. The  project  will  be  forwarded,  if  assurance  can  be  had  now  that 
a  source  of  supply  exists. 

There  is  no  question  as  to  choice  of  the  best  general  route,  but 
rather  whether  the  only  one  has  the  needed  water  supply,  and  what 
shall  be  the  details  of  its  construction  and  its  cost,  which  probably 
will  not  vary  much  from  one  hundred  million  dollars  for  the  whole 
route  including  the  Niagara  Ship  Canal. 

As  to  the  construction,  the  natural  conditions  are  evidently  the 
most  favorable  for  building  such  a  canal.  River  channels  being  avail- 
able for  nearly  the  whole  length.  From  Lake  Ontario,  the  Oswego 
River  can  be  canalized  for  20|-  miles  to  its  junction  with  the  Oneida 
River:  Thence  14  miles  of  the  straightened  Oneida  River  leads  to 
Oneida  Lake,  whose  23  miles  of  length  lie  in  the  direct  line  eastwai'd. 

From  the  head,  or  east  end,  of  Oneida  Lake  to  the  channel  of  the 
Mohawk  River  at  Rome,  for  a  distance  of  13  miles,  is  almost  the  only 
actual  canal  cut  required,  and  this  would  naturally  follow  the  valley 
of  Wood  Creek  which  flows  into  the  head  of  Oneida  Lake, — passing 
within  a  mile  of  the  Mohawk  River  at  Rome.  It  was  across  this  nar- 
row portage  that  the  cargoes  were  carried  for  the  Durham  boats, 
which  were  the  pioneers  in  the  last  century  of  the  commerce  between 
tide-water  and  the  far  west. 

From  Rome  eastward,  the  channel  of  the  Mohawk  River  can  be 
rectified  and  canalized  for  125  miles  to  its  junction  with  the  Hudson 
near  Albany.  The  natural  form  of  the  river  channel, — with  its  flat 
side-slopes  and  its  wide  water-surface, — will  permit  steamers  to 
make  more  speed  than  in  a  narrow  canal.  Perhaps  eight  to  ten  miles 
per  hour  instead  of  four  to  five  miles,  with  a  corresponding  saving  of 
time  and  also  of  fuel. 

The  428  feet  of  fall  which  the  Mohawk  makes  in  this  distance,  may 
be  accomplished  by  some  18  dams  and  locks  of  25  feet  lift  each.  The 
great  water-powers  created  at  each  of  these  dams,  and  available   for 
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six  or  eight  months  of  each  year,  will  be  features  of  importance  for 
the  manufacturing  cities  along  the  line. 

This  entire  route  from  Lake  Ontario  to  the  Hudson — one  hundred 
and  eighty-five  (185)  miles — is  remarkable  in  that  it  does  not  cross  a 
single  water-course.  Not  an  aqueduct  nor  a  culvert  will  be  needed, 
and  few  draw-bridges;  perhaps  ten  in  all.  This  absence  of  expensive 
structures — costly  both  in  construction  and  in  maintenance — is  in 
marked  contrast  to  the  conditions  resulting  from  the  parallel,  but  dif- 
ferent, location  of  the  present  Erie  Canal  through  the  Mohawk 
valley. 

Being  of  small  capacity — 72  feet  wide  and  7  feet  deep — it  was  nec- 
essary to  locate  it  out  of  reach  of  the  spring  floods,  which  would  have 
overwhelmed  it.  It  is  therefore  excavated  upon  or  near  the  bank  of 
the  Mohawk,  20  to  30  feet  above  its  ordinary  level.  There  are  thus 
required,  at  all  the  inflowing  streams,  aqueducts  varying  in  length 
from  one  to  14  arches  each  to  carry  the  trunk  of  the  canal  across  the 
stream,  besides  2  larger  ones  to  cross  the  Mohawk  itself,  and  there 
are  also  innumerable  culverts  for  the  smaller  rivulets  and  drains,  all 
of  which  must  be  allowed  to  flow  beneath  the  canal-bottom  into  the 
Mohawk  River,  to  which  all  the  drainage  of  the  region  flows  from 
the  hills  on  either  side. 

By  locating  the  Ship-Canal  directly  in  the  bed  of  the  Mohawk  Riv- 
er, necessity  for  all  these  structures  will  of  course  be  avoided:  the 
great  size  of  the  ship-canal  enabling  it  to  carry  off  the  spring  floods, 
which  will  pass  before  the  season  for  navigation  begins. 

The  main  advantage,  however,  from  the  location  of  the  Ship-Canal 
in  the  bed  of  the  river,  and  one  to  which  attention  has  not  before  been 
directed,  is  the  great  reduction  in  the  amount  of  water  used,  which 
must  result  from  such  location. 

The  large  loss  of  water  due  to  the  usual  seepage  or  filtration  from 
the  canal-bed  outward, being  thus  mainly, — and  perhaps  wholly  avoid- 
ed. The  total  amount  of  water  usually  to  be  provided  for  seepage  and 
filtration,  increases  directly  with  the  length  of  the  canal  and  the  area 
of  wetted  surface,  and  is  a  larger  item  than  all  the  others  combined 
when  the  experience  with  the  present  Erie  Canal  is  taken  as  guide. 

For  the  latter,  it  is  reported  to  average  200  to  240  cubic  feet  of  wa- 
ter per  minute  for  each  mile  of  canal.  The  Erie  canal,  however,  as  be- 
fore described,  is  an  embanked  cut  20  to  30  feet  above  the  neighboring 
Mohawk  River-bed,  into  which  its  leaks  must  be  many,  since  all  the 
natural  drainage  is  of  course  into  the  river  channel. 

The  proposed  location  of  the  ship-canal,  not  only  in  the  bed  of  the 
river,  but  much  of  it  in  a  cut  to  be  excavated  several  feet  below  the 
present  river-bottom,  seems  to  dispose  of  all  reason  to  expect  loss  by 
seepage  and  filtration.       With  the  present  knowledge  of  the  character 
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■of  the  formations  in  the  Mohawk  Valley,  it  appears  that  no  water 
will  leak  from  the  river-bed,  but  that  all  rivulets  and  rills  as  well  as 
the  recognized  streams,  will  flow  into  it,  and  none  from  it.  Certainly 
if  there  is  any  such  loss  of  water,  it  will  be  at  a  minimum. 

If  this  view  is  correct,  it  leaves  only  the  lockage,  the  leakage  of 
lockgates  and  the  evaporation,  to  be  considered,  and  these  may  be  es- 
timated to  be  as  follows: 

The  total  number  of  lockages  which  can  be  made  in  a  day  may  be 
estimated  at  fifty:  This  will  require  that  each  lockage  shall  occupy 
less  than  thirty  minutes.  (The  Sault  St.  Marie  Lock,  with  its  un- 
equaled  appliances,  requires  an  average  total  of  40  minutes,  including 
hauling  the  vessels  into  and  out  from  the  lock).  Allowing  two  locks 
of  water  for  each  of  the  fifty  lockages  to  and  from  the  summit  level, 
each  lock  being  500  feet  long,  and  60  feet  wide  and  25  feet  lift,  and  con- 
verting this  into  cubic  feet  of  water  per  minute,  will  be  found  to  be 
52,000  cubic  feet. 

Water  for  double  this  number  of  lockages  has  been  sought  in  form- 
er estimates,  but  it  is  not  apparent  how  a  greater  number  can  be  made, 
nor  that  business  for  more  can  be  expected. 

Of  the  present  Erie  Canal  boats,  which  carry  200  tons  each,  12  could 
be  passed  at  each  lockage,  or  600  per  day,  which  is  (8)  eig-ht  times  the 
daily  average  of  the  Erie  Canal  for  1890. 

Of  the  present  large  upper-lake  steamers  carrying  2500  tons  each, 
two  could  be  passed  at  each  lockage,  or  100  per  day,  giving  a  canal  ca- 
pacity of  a  quarter  million  tons  per  day.  This  is  six  times  the  daily 
average  of  the  Sault  Ste.  Marie  Canal  during  1890,  or  12  times  the 
uaily  average  of  the  Suez  Canal  for  the  same  year.  Certainly  this  is 
ample  to  provide  for  now.  This  takes  no  account  of  the  double  duty 
received  from  a  lockful  of  water  when  boats  going  in  opposite  direc- 
tions use  the  locks  alternately:  In  actual  practice,  it  is  found  that 
two  locks  of  water  thus  give  three  lockages. 

For  the  next  item,  leakage  of  lock  gates  and  valves,  fifteen  per 
cent,  of  the  lockage  water  is  ample,  improvements  in  lock-gates  pro- 
bably reduciug  it  below  this.  Like  the  water  for  lockage,  the  leakage 
of  gates  is  of  course  to  be  counted  only  once,  each  way  from  the  sum- 
mit: Both  for  lockage  and  for  gate-leakage,  the  same  water  or  its 
equivalent  passes  in  succession  from  the  higher  to  the  lower  levels, 
through  any  number  of  locks,  and  for  any  distance.  This  statement 
of  the  elementary  principles  of  canal  operation  is  evidently  superflu- 
ous for  the  professional  reader. 

For  the  evaporation  from  the  canal,  the  amount  may  be  taken  at  a 
total,  during  the  120  days  of  summer,  of  30  inches  from  the  full  width 
of  surface ;  say  300  feet  in  the  river  sections.  This  gives  an  average 
loss  by  evaporation  of  23  cubic  feet  per  mile  per  minute,  and  for  the 
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summit-level,  23  miles  in  length,  this  is  500  cubic  feet  per  minute. 
For  the  other  levels  toward  the  Hudson,  West  Canada  Creek,  enter- 
ing 5  miles  further  eastward,  will  more  than  supply  for  all  evapora- 
tion, while  Wood  Creek  and  the  tributaries  of  the  Oswego  River 
will  supply  the  levels  toward  lake  Ontario. 

Summing  up  shows  a  total  requirement  of  60,000  cubic  feet  of  wa- 
ter per  minute,  allowing  nothing  for  seepage  or  filtration. 

To  meet  this  total  we  have  the  present  supply  of  the  Erie  Canal  at 
this  point,  which  is  stated  in  the  Canal  Reports  to  be  30,000  cubic  feet 
per  minute.  To  this  may  be  added  the  flow  of  Fish  Creek,  now  emp- 
tying into  Oneida  Lake,  7,000  cubic  feet  per  minute:  The  former  sup- 
ply of  the  disused  Chenango  Canal, — 900  cubic  feet  per  minute, — can 
probably  be  restored  if  needed. 

At  the  head  waters  of  the  Black  River  (which  naturally  flows  to 
Lake  Ontario,  but  a  part  of  which  now  feeds  the  Rome  level  through 
the  Black  River  Canal)  there  can  probably  be  added  water  from  the 
east  branch  of  the  Salmon,  from  which  in  1887,  Syracuse  proposed  to 
take  in  the  same  direction  1,500  cubic  feet  per  minute. 

The  balance  of  the  60,000  cubic  feet  required,  or  much  more  if  it 
should  prove  to  be  needed,  can  readily  be  provided  by  storage  in  the 
Adirondack  Lakes  and  valleys  along  the  headwaters  of  the  Black,  the 
Beaver  and  the  Moose  Rivers.  The  State  has  already  formed  fifteen 
reservoirs  there,  a  portion  however,  being  to  restore  to  the  lower 
Black  River,  water  for  canal  supply  taken  from  its  head.  The  stor- 
age system  is  capable  of  indefinite  extension  in  that  region  of  innu- 
merable lakes  and  ponds. 

The  subject  is  ably  discussed  by  State  Engineer  John  Bogart,  M. 
Am.  Soc.  C.  E.,  and  by  Asst.  Engr.  Aug.  S.  Kibbe,  in  the  Canal  Engr's 
Report  for  1888,  where  the  manner  of  making  a  large  increase  in  stor- 
age capacity  is  detailed,  and  where  the  latter  states  that  by  simply 
guarding  the  existing  reservoirs,  the  supply  from  them  can  be  doubled 
or  trebled.  Those  familiar  with  the  Adirondack  region  know  that 
from  its  peculiar  position  on  the  roof  of  the  State,  slight  cuts  and 
small  dams  will  suffice  to  turn  the  direction  of  flow  of  many  of  its 
lake-chains,  and  that  tracts  which  now  drain  to  the  St.  Lawrence  on 
the  North,  can  readily  be  made  to  feed  the  Mohawk  on  the  South. 

In  short,  all  available  data  confirm  the  impression  that  ample  wa- 
ter supply  can  thus  be  provided. 

To  this  conclusion,  it  may  however  be  objected  that,  first,  the  sup- 
ply from  the  Adirondacks  cannot  be  so  much  increased;  and  second, 
that  the  demand  will  prove  to  be  much  greater  than  has  here  been  es- 
timated: Perhaps  it  will  be  said  that  the  discarded  item  of  filtration 
will  alone  require  more  than  the  total  estimate. 

As  to  the  first,  it  may  be  said  that  Mr.  Verplank  Colvin,  whose  ex- 
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ceptional  familiarity  with  the  Adirondacks  is  so  well  known,  writes  in 
December  1891  "suitable  reservoirs  can  be  arranged  to  furnish  all  the 
water  needed". 

If  the  second  objection  is  sustained  by  the  surveys  to  be  made,  and 
the  demand  for  water  is  then  decided  to  be  beyond  the  capability  of  the 
sources  of  supply  which  have  been  here  indicated,  such  a  decision  will 
not  show  the  canal  to  be  impracticable. 

It  is  entirely  feasible,  at  reasonable  cost,  to  bring  from  Lake  Erie, 
water  to  supply  the  Rome  summit-level. 

This  can  be  done  by  a  feeder-branch,  taken  from  the  present  Erie 
Canal  Dear  Macedon,  12  miles  west  of  Newark,  past  which  point  Lake 
Erie  water  now  flows.  At  this  point  the  canal  is  35  feet  above  the 
Rome  level.  The  proposed  feeder,  instead  of  stepping  down,  as  does 
the  canal,  can  be  swung  off  to  the  south  to  higher  ground  of  the  neces- 
sary elevation  to  maintain  a  uniform  grade;  going  along  the  south 
side  of  the  Clyde  River  and  crossing  the  Seneca  River  near  the  Cayuga 
Lake  outlet.  The  Seneca  River  Valley  is  here  the  narrowest,  and 
the  feeder  could  be  carried  across  it  in  an  open  trunk  upon  a  40  feet 
to  50  feet  trestle,  about  2  miles  long:  The  feeder  decending  thence, 
upon  a  regular  grade  of  $  foot  per  mile  for  the  70  miles  necessary 
to  reach  the  west  end  of  the  Rome  level,  just  east  of  Syracuse. 

Such  a  feeder  of  8  feet  depth  and  38  feet  bottom  width  in  earth  cut- 
ting, would  pass  60,000  cubic  feet  per  minute,  or  enough  to  alone  meet 
the  assumed  needs. 

To  supply  this  would  require  some  widening  and  deepening  of  the 
western  portion  of  the  present  canal  from  Macedon  through  to  Lake 
Erie  and  from  Rome  to  Syracuse.  This  would  greatly  improve  the  ef- 
ficiency of  the  Canal  for  continuing  its  present  traffic,  which  would 
not  be  interrupted  by  the  proposed  Ship-canal. 

It  has  been  suggested  that  it  would  be  as  well  to  make  a  Ship-Ca- 
nal through  to  Lake  Erie  as  was  proposed  by  Mr.  Elnathan  Sweet,  M. 
Am.  Soc.  C.  E  ,  in  1884,  in  a  valuable  paper  widely  discussed  then  and 
often  quoted  since.  The  new  line  then  first  suggested  for  the  canal 
enlargement,  being  in  general  similar  to  that  here  proposed  for  the 
feeder.  But  the  making  of  such  a  small  feeder  offers  few  of  the  diffi- 
culties of  construction  of  a  great  canal,  which  many  engineers  includ- 
ing the  writer,  consider  to  be  out  of  the  question  upon  this  route. 

Many  irrigation  feeders,  some  larger  and  some  longer,  are  now  in 
use  in  the  Western  States  and  are  fully  described  by  Mr.  Herbert  M. 
Wilson,  M.  Am.  Soc.  C.  E.  in  a  recent  paper  before  the  Amex-ican  Soci- 
ety of  Civil  Engineers. 

That  of  the  Kern  Valley  Water  Co.,  is  125  feet  bottom  width  with 
10  feet  depth  of  water. 


388  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

The  Bear  River  Company's  feeder  in  Utah  is  now  60  miles  long  and 
is  to  be  150  miles. 

The  Idaho  Company's  feeder  near  Boise  City  is  70  miles  long,  10 
feet  deep,  and  has  a  capacity  more  than  twice  that  proposed  for  this 
Ship-Canal  feeder. 

The  Turlock  feeder  in  San  Joaquin  Valley  is  98  miles  long,  70  feet 
wide,  with  7  feet  of  water. 

As  to  the  two  miles  of  trestle  and  flume  to  carry  the  Ship-Canal 
feeder  across  the  Seneca  River  Valley,  there  are  now  in  California, 
carrying  parts  of  the  San  Diego  flume  (a  small  one  however)  across 
valleys,  Hi  miles  of  trestle  varying  in  height  up  to  85  feet. 

Summing  up  the  foregoing  facts  it  seems  evident  that  from  one  or 
both  of  these  sources,  ample  water-supply  can  be  obtained  for  the 
summit-level  of  the  Ship-Canal  from  Lake  Ontario  to  the  Hudson. 
It  only  remains  to  determine  by  exhaustive  surveys,  which  is  the  bet- 
ter method,  and  what  are  its  details,  and  these  surveys  can  be  made 
and  reported  upon  during  the  present  year  if  Congress  will  so  order. 

January  25,  1892. 


SOPHUS  HAAGENSEN.— A  MEMOIR. 


By  Laurence  Bradford  and  T.  T.  H.  Harwood,  Committee  of  the 
Boston  Society  of  CrviL  Engineers. 


[Submitted  May  18,  1892.] 
Mr.  Sophus  Haagensen,  our  fellow  member,  who  died  on  the  17th, 
day  of  last  December,  was  born  in  the  City  of  Copenhagen,  Denmark, 
on  the  18th.  of  November,  1839.  In  accordance  with  the  prevailing  cus- 
tom, at  an  early  age  he  was  christened  in  the  State  Lutheran  Church 
and  given  the  Christian  names  of  Hans  Sophus  Andreas.  The  first 
and  last  of  these  he  dropped  on  taking  up  his  residence  in  this  country. 
He  was  educated  in  the  Civil  Department  of  the  Government  Polytec- 
niqiie  School  of  Denmark,  from  which  he  graduated  with  the  highest 
honors  obtainable  in  the  course  of  studies  that  he  followed.  Before 
graduating  the  Schleswig-Holstein  war  of  1862-4  broke  out,  when  he  ob- 
tained permission  to  leave  for  a  time  the  university  that  he  might  en- 
ter the  army,  in  which  he  was  commissioned  a  Lieutenant  of  Artillery. 
In  this  war  he  served  with  credit  and  honor  till  peace  was  established, 
after  which  he  returned  to  the  Potytecnique,  and  completed  his  stud- 
ies. After  some  experience  on  engineering  works  at  home,  he  came 
to  this  country  in  1868  and  was  engaged  with  the  U.  S.  Military  En- 
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gineers,  first  as  draughtsman  aad  afterward  as  Assistant  Engineer, 
working  for  General  George  Thorn,  who  was  in  charge  for  many  years 
of  a  Department  taking  in  the  States  of  Maine,  New  Hampshire  and 
Massachusetts.  Mr.  Haagensen's  work  was  mostly  on  rivers  and  har- 
bors, the  work  conducted  by  the  Military  Engineers  under  the  River 
and  Harbor  Appropriation.  He  was  thus  employed  for  a  number  of 
years,  when  he  left  the  service  and  engaged  in  private  business,  dur- 
ing which  time  he  was  a  partner  with  the  late  President  of  this  Soci- 
ety, Mr.  Clemens  Herschel,  and  together  they  had  an  office  on  State 
Street  in  this  city.  Later  Mr.  Haagensen  returned  to  the  government 
service,  where  he  remained  till  his  death.  He  was  very  ingenious  in 
the  devices  which  he  originated,  most  of  which  he  did  not  attempt  to 
patent.  He  did,  however,  patent  one,  an  automatic,  self-recording 
sounding-  apparatus,  which  he  invented  in  company  with  a  compatriot, 
Mr.  O.  Sonne,  a  member  of  the  American  Society  of  Engineers.  This 
was  of  cylindrical  shape,  and  was  designed  to  be  towed  along  the  bot- 
tom of  bays  and  harbors,  with  mechanism  inside  which  worked  a  pen- 
cil that  traced  a  profile  of  the  water  bed,  the  vertical  movement  of  this 
pencil  being'  determined  by  the  pressure  of  the  water.  This  machine 
was  successfully  tried  in  the  Harbor  of  Copenhagen,  and  was  to  have 
been  further  perfected  by  Mr.  Haagensen  and  his  partner.  Mr.  Haag- 
ensen married  an  American  lady,  who  survives  him  with  one  child,  a 
daughter. 

As  a  man  his  manners  were  engaging,  his  address  pleasant  and 
cordial,  his  life  without  reproach  of  any  kind,  and  many  can  testify  to 
his  acts  of  disinterested  kindness,  prompted  only  by  a  generous  desire 
to  aid  where  assistance  was  needed.  In  his  death  this  Society  has  lost 
a  creditable  member  and  your  committee  a  valued  friend. 
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PROCEEDINOS. 


BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


June  15,  1892:— A  regular  meeting  was  held  at  Wesleyan  Hall,  Brom- 
field  street,  Boston,  at  8  o'clock,  P.  M.  President  Man  ley  in  the  chair,  45 
members  and  32  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Henry  W.  Estey  and  Otto  Sonne  were  elected  members  of  the 
Society. 

The  Secretary  read  a  communication  fiom  the  American  Society  of 
Civil  Engineers  in  relation  to  the  Engineering  Congress  to  be  held  during 
the  Columbian  Exposition  and  inviting  this  Society  to  name  a  member  to 
aid  the  committee  in  procuring  papers  and  arranging  for  discussions. 
President  Henry  Manley  was  selected  to  represent  the  Society  in  the 
matter. 

The  Secretary  called  attention  to  the  vote  passed  October  17,  1888,  by 
which  he  was  authorized  to  use  the  24  o'clock  notation  in  notices  of  the 
Society  meetings.    On  motion  it  was  voted  to  discontinue  the  practice. 

The  Librarian  submitted  the  following  report,  which  was  accepted. 

Boston,  June  15,  1892. 
To  the  Boston  Society  of  Civil  Engineers. 

The  Committee  on  Library  in  their  annual  report  referred  to  a  pro- 
posed addition  to  the  library  by  purchase.  Since  that  time  the  books 
referred  to  have  been  purchased  by  Mr.  Frederick  Brooks,  one  of  our 
members,  and  presented  by  him  to  the  Society.  This  gift  increased  the 
library  by  51  volumes  which  we  did  not  have  and  completes  some  sets. 
They  are  mostly  government  and  corporation  reports.  The  most  inter- 
esting portion  is  a  series  of  10  volumes  of  early  reports  on  railroad,  canal 
and  government  surveys,  mostly  previous  to  1848,  which  had  been  collected 
and  bound  by  Mr.  YVillam  L.  Dearborn,  one  of  the  first  members  of  this 
Society. 

For  the  Committee, 

Fkaxk  W.  Hodgdon,  Librarian. 

The  President  then  introduced  Mr.  Walton  I.  Aims,  C.  E.,  of  New 
York,  who  gave  a  very  interesting  account  of  the  methods  of  tunneling 
used  in  the  Hudson  River  Tunnel.  His  remarks  were  very  fully  illustrat- 
ed by  lantern  views. 

Mr.  How  aid  A.  Carson  followed  with  an  informal  talk  on  the  tunnel 
work  now  going  on  in  connection  with  the  Metropolitan  Sewerage  System 
and  had  thrown  on  the  screen  a  number  of  views  of  the  works  inChelsea, 
rharlestown  and  Somerville. 

"Mr.  George  S.  Rice  described  the  tunnel  work  in  connection  with  the 
New  Croton  Aqueduct. 

A  general  discussion  followed  participated  in  by  Messrs.  Brooks, 
Carson,  G.  S.  Rice  and  L.  F.  Rice. 

Alter  passing  a  vote  of  thanks  to  Mr.  Aims,  the  Society  adjourned. 

S.  E.  Tinkham,  Secretary- 


Editors  reprinting-  articles  from  this  journal  are 
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WHITHER  IS  OUR  ARCHITECTURE  TENDING? 


By  Chas.   W.  Hopkenson,    B.   S.  in  Architecture,   Member  Civil 
Engineers'  Club  of  Cleveland. 


[Read  May  10,  1892.] 

To  the  casual  observer,  there  is  much  in  the  present  condition  of 
Architecture  in  America  which  is  perplexing.  The  variety  of  style 
and  proportion  seen  on  every  hand;  the  seemingly  ever  changing  notion 
of  what  is  proper  in  carving,  in  glass,  in  internal  and  external  treat- 
ment, in  painting,  mason  work  and  construction,  has  done  much  to 
befog  the  judgment  regarding  our  existing  architecture.  Shingles 
the  fashion  now,  mitered  siding  the  fashon  a  little  later,  exterior  plas- 
ter-work and  even  the  slating  of  vertical  walls,  all  of  these  struggling 
for  prominence  as  a  covering  for  the  outside  walls  of  our  buildings. 
On  our  streets  the  same  spirit  is  evident.  The  first  residence  may  be 
colonial  in  treatment,  with  perhaps  the  four  great  columns,  two  sto- 
ries high  in  front,  fan  lights  over  the  front  doors,  and  pervading  all, 
the  quaintness  of  a  hundred  years  ago.  Near  this  is  a  Gothic  one 
with  the  steep  gable  and  Elizabethan  tendencies  in  mouldings,  with 
perhaps,  a  touch  of  the  chateau  style  of  France  about  it.  Or,  it  may 
be  that  a  little  farther  down  the  street  is  a  Romanesque  residence 
with  the  round  arch  entrance  and  the  massiveness  and  solidity  of 
feudal  times.  And  so  the  city  over.  The  French  say  our  facades  are 
never  monotonous.     Of  this  there  is  no  doubt  in  the  least. 

All  this  is  very  interesting  as  showing  the  inventive  genius  and 
resources  of  our  architects.       But  we  wish  for  a  moment  to  look  a 
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little  deeper.  To  discover,  if  possible,  some  reason  in  it  all  and  to 
inquire  whither  it  is  leading  us. 

That  there  is  a  reason  in  it  all  I  am  convinced,  but  because  of  the 
lack  of  appreciation  of  our  position,  I  am  convinced  that  much  of 
the  effort  of  the  day  is  not  fully  understood. 

The  American  modern  system  of  designing  is  essentially  eclectic. 
That  is,  the  architects  in  different  sections  of  the  country  largely 
work  independently  of  each  other;  and  this  method  has  become  so  prev- 
alent that  there  often  seems  no  sort  of  sympathy  in  the  designing  of  the 
several  offices  even  in  a  single  city.  Nay,  from  the  same  office  often 
comes  work,  as  widely  separated  in  style  as  the  Gothic  and  Renaissance 
or  the  Colonial  and  the  Swiss  chalet  style.  The  eclectic  system  has 
developed  from  several  causes.  One  is  that  all  the  fundamental  prin- 
ciples which  enter  into  the  different  styles  possible,  are  already  well 
known.  The  cry  of  some  for  a  new  style — an  American  style,  in  any 
proper  sense,  can  never  be  satisfied.  Not  that  ideas  are  today  lacking 
in  our  work;  but  simply  because  the  possible  ways  of  building  and  orn- 
amenting are  limited,  and  in  their  essential  features  are  already 
known.  How,  for  instance,  may  we  span  an  opening?  First  by  the  lin- 
tel, as  in  the  Egyptian  and  Grecian  styles, — second,  by  the  arch  wheth- 
er round,  as  in  Romanesque,  or  pointed  as  in  the  Gothic.  There  are 
no  more  methods  of  support,  all  other  possible  ways  are  simply  varia- 
tions of  these  types.  In  the  matter  of  sculpture  and  carving,  the  same 
difficulty  arises.  The  sculptor  or  carver  must  either  imitate  or  origi- 
nate. If  he  imitates,  he  must  go  to  nature  for  his  models,  but  the 
artists  of  the  world  have  been  for  centuries  imitating  nature.  Can  we 
excel  the  Greeks  in  sculpture;  or  the  Gothic  carvers  in  imitating  vege- 
table life?  If  we  limit  ourselves  to  geometrical  forms  of  decoration; 
can  we  hope  to  rival  the  brilliant  efforts  in  this  line  on  the  walls  of 
the  Alhambra?  No,  an  American  style,  in  any  such  sense,  is  a  physi- 
cal impossibility.  The  best  we  can  hope  to  do;  and,  indeed  all  there 
remains  to  be  done,  is  to  take  one  of  the  older  styles,  and  adapt  it  to 
the  requirements  of  our  American  environments. 

Mr.  Richardson,  with  probably  some  idea  of  introducing  a  style 
which  might  be  called,  more  nearly  than  any 'other,  an  American 
style,  attempted  a  development  of  the  Romanesque.  It  has  been 
fairly  successful,  but  as  to  its  effects  on  our  present  and  future,  I 
shall  say  a  word  later.  Not  all  our  architects  chose  to  follow  the 
lead  of  Mr.  Richardson  and  attempt  a  systematic  or  continued  effort 
in  one  line  of  development.  To  these  any  two  methods  were  open. 
One  was  to  adopt  some  definite  style  of  the  past  and  practice  it,  as 
copyists,  simply,  adapting  it  to  our  conditions;  and  the  other  method 
was  to  follow  no  single  line  of  designing  but  pick  and  choose  from  all 
periods  and  styles,  as  the  fancy  dictates. 
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I  might  add  that  still  a  thh*d  class,  exists,  if  we  may  term  it  a 
class,  consisting  of  those  who,  to  some  extent  adopt  the  method  of 
Mr.  Richardson  although  not  his  favorite  style  and  select  some  parti- 
ally developed  phase  of  some  period  in  the  past,  and  work  at  it  inde- 
pendently of  all  other  architects.  But  this  last  group  of  workers  have 
been  so  nighty  in  their  efforts  that  no  continuous  fruits  such  as  have 
come  from  Mr.  Richardson's  work,  have  resulted.  I  therefore  have 
generally  given  them  rank  with  the  eclectic  designers. 

Owing  partly  to  the  fact  that  our  training  as  a  body  has  not  been 
sufficiently  vigorous  to  enable  us  to  appreciate  the  position  of  a  fol- 
lower of  the  masters  of  the  thoroughly  developed  styles  of  the  past, 
and  partly  because  of  the  national  desire  to  try  something  new,  our 
architects  have,  until  recently,  avoided  the  method  of  accepting  the 
old  models  and  working  from  them,  and  have  seen  fit  to  work  as  indi- 
vidualists. There  is  one  other  reason  why  our  work  has  been  largely 
eclectic.  American  architecture  until  within  25  years  perhaps,  has 
been  a  second  edition  of  English  work.  And  even  as  England  had  its 
Renaissance,  Queen  Anne  and  Victorian  Gothic  periods,  and  then  ran 
off  into  a  jumble  of  all  of  them,  so  we  had  our  Colonial,  Queen  Anne 
and  Gothic,  and  in  like  manner  ended  by  our  being  tired  with  nearly 
everything  in  the  shape  of  a  known  style.  Certainly,  from  the  char- 
acter of  much  that  was  done  in  this  country  and  England,  but  more 
especially  in  America,  from  about  1850  to  1875,  it  is  not  strange  that 
our  architects  became  weary  of  their  own  efforts.  It  seems  to  me 
that  the  eclectic  system,  bad  as  it  is,  came  as  a  profitable  l'elief ,  rath- 
er than  a  curse,  after  our  vain  efforts  to  follow  the  lead  of  our  foreign 
brothers  who  were  quite  as  much  at  sea  as  ourselves. 

Of  the  eclectic  system  of  designing,  Mr.  Longfellow  says:  "It  takes 
long  to  acquire  it,  and,  once  acquired,  it  is  an  individual  faculty  which 
dies  with  its  possessor."  This  is  no  doubt  true,  and  the  wonder  is  that 
so  much  of  our  work  of  the  last  few  years  is  as  meretorious  as  it  is. 
One  great  help  towards  keeping  the  work  under  this  system  from 
degeneration  into  wild  experiments,  has  been  the  wonderful  improve- 
ment in  the  technical  journals,  and  the  completeness  of  the  inter- 
change of  news  as  to  what  the  different  men  throughout  the  country 
are  doing.  But  the  fact  remains,  that,  while  the  eclectic  system  of 
designing  has  largely  continued  up  to  date,  yet  our  work  is  steadily 
increasing  in  real  merit  nearly  everywhere  in  the  country.  It  has 
almost  seemed  as  though  this  method  was  what  was  necessary  to  put 
new  life  into  the  profession.  I  do  not  advocate  the  eclectic  system  in 
its  fullest  sense,  as  the  best  method  of  work,  but  simply  that,  at  the 
time  when  English  and  American  architects  began  it,  the  freedom 
from  restraint  which  it  allowed,  was  an  advantage  rather  than  a  hurt. 
But  a  change  is  taking  place,  apparently   the  most  of  our  architects 
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are  still  eclectics;  yet,  pervading  the  atmosphere  is  a  greater  respect 
than  ever  before  for  scholarly,  careful  conscientious  work.  This  is  in 
part  brought  about  by  the  development,  due  to  the  architects  pub- 
lishing the  results  of  their  efforts,  and  partly  to  the  higher  educational 
standard  of  the  profession.  Never  before  since  colonial  times,  and 
possibly  a  part  of  the  time  during  the  height  of  the  Gothic  revival  in 
this  country,  has  there  been  such  an  appreciation  of  pure  Renaissance 
work;  and  I  mig-ht  add,  of  Gothic  and  Romanesque,  as  at  present.  It 
was  during  this  inquiry  into  past  models  as  furnishing  a  possible  key 
towards  lifting  the  general  tone  of  our  work  to  a  better  level,  that 
Mr.  Richardson  introduced  his  Romanesque  development.  His  genius 
was  very  soon  felt,  and  by  many,  the  Romanesque  was  hailed  as  the 
coming  style.  Aside  from  its  characteristics  of  detail  and  general 
beauty,  was  a  certain  massiveness  which  was  in  sharp  contrast  with 
the  proportions  of  much  of  the  work  during  the  latter  part  of  our 
Gothic  period  and  during  our  craze  for  iron  architecture. 

From  this  spirit  of  solidity  and  its  characteristic  round  arch  which 
produced  the  fine  deep  shadows  so  pleasing  to  most  admirers  of  archi- 
tecture, with  the  general  delicacy  and  finish,  and  yet  vigor  of  Mr. 
Richardson's  handling  of  the  Romanesque,  it  became  a  general  favor- 
ite. But  it  was  considerable  to  ask  eclectic  designers  to  give  up  their 
methods,  and  follow  the  new  style.  Few,  if  any  did  so  entirely.  The 
most  of  those  who  became  the  followers  of  Mr.  Richardson,  still  clung 
to  their  eclectic  work:  and  others  who  did  not  follow  Mr.  Richardson 
at  all,  wei*e  compelled  to  admit  the  influence  of  his  work  on  theirs. 
At  one  time  it  looked  as  though,  under  Mr.  Richardson's  leading,  we 
were  to  reach  newer  levels  of  architectural  development,  than  had 
been  reached  for  one  hundred  and  fifty  years;  but  his  untimely  death 
seemed  to  change  the  aspect.  With  his  firm  hand  no  longer  leading, 
and  his  severely  classical  and  scholarly  training,  working  no  longer 
for  the  uplifting  of  his  chosen  style,  a  change  soon  came.  Gothic 
which  had  been  seeking  recognition  once  more,  modestly  asked  that 
some  of  her  delicate  and  beautiful  ornament  be  adapted  and  used  in 
connection  with  the  Romanesque.  This  was  done,  and  it  was  not  long 
before  even  Shepley  Rutan  and  Coolidge,  the  successors  of  Mr.  Rich- 
ardson, were  departing  from  the  teaching  of  their  former  employer, 
and  were  producing  a  combination  which  was  no  longer  the  pnre 
Romanesque  arch,  i.  e.  of  Angiovine,  France,  but  rather,  a  Gothicized 
Romanesque.  Personally,  I  was  sorry,  for  I  was  curious  to  see  how  far 
the  Romanesque  could  be  carried  by  our  best  architects  before  reach- 
ing its  period  of  fullest  development.  As  it  is,  we  shall  have  to  wait 
for  a  worthy  successor  of  Mr.  Richardson,  before  we  dare  hope  for  it. 
The  Romanesque  style  of  today  in  Cleveland  shows  the  characteristic 
to  which  I  have  referred,  and  also  another  tendency.       It  is  that  the 
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Renaissance  style  is  again  in  the  field,  and  is  in  better  shape  than  ever 
before  to  create  a  lasting-  impression.  It  is  crowding  Romanesque 
quite  hard;  for,  although,  historically  it  is  further  away  from  it,  than 
is  Gothic,  yet,  in  reality,  it  is  very  near  in  its  underlying  principles. 
As  much  of  the  present  designing  is  Colonial  or  Renaissance  in  tend- 
ency, those  who  favor  these  styles,  when  the  demand  has  been  made 
upon  them  for  something  in  the  Romanesque,  have  found  it  more 
convenient  to  form  the  Romanesque -Renaissance  combination,  rather 
than  the  Romanesque-Gothic  combination.  But  the  Renaissance 
spirit,  more  especially,  the  Italian  Renaissance,  is  in  the  land,  and, 
is  gaining  ground  quite  rapidly.  It  was  heralded  and  made  possible 
through  the  introduction  of  and  love  for  the  Colonial  style.  It  has 
now  become  so  bold  as  to  no  longer  hide  under  the  cover  of  colonial 
architecture,  but  demands  recognition  as  an  independent  candidate  for 
honors.  The  success  with  which  it  has  met  can  best  be  estimated  by 
remembering  that  the  whole  of  the  main  group  of  buildings  of  the 
World's  fair  is  to  be  in  the  Renaissance  style. 

It  is  this  crowding  forward  of  Renaissance;  and  its  mingling  with 
the  Romanesque,  as  well  as  the  mingling  of  the  Gothic  and  Romanes- 
que, which  make  it  extremely  difficult  to  predict  the  future  of  the 
Richardsonian  Romanesque  movement.  Whether  it  will  be  overcome 
by  its  rivals,  is  a  question  hard  to  answer.  For  myself,  I  believe 
that  for  many  years  to  come,  there  will  be  a  strong-  feeling  of  respect 
and  admiration  for  the  pure  Romanesque.  Certain  it  is,  that  however 
it  changes  as  a  whole,  the  round  arch  has  come  to  stay;  and  the  spirit 
of  strength  and  security  which  Romanesque  did  so  much  to  introduce 
and  develope  into  all  our  designing,  will  remain  as  a  permanent  legacy 
of  Mr.  Richardson's  life  work. 

There  was  a  time  when  Renaissance  as  a  serious  competitor  was 
laughed  at,  as  a  modern  style,  when  it  was  said  that  its  very  laws  and 
rules  of  proportion  were  against  it;  for  a  balustrade  often  became  six 
or  seven  feet  high,  instead  of  three  or  four,  and  a  bath  room  window 
often  showed  on  the  exterior  with  the  same  prominence  as  the  draw- 
ing room  windows.  Yet  now  we  see  it  adapted  to  modern  work  as 
easily  as  though  it  had  always  been  as  consistent  as  now.  It  has  ad- 
vanced with  the  times,  and  comes  before  us  with  the  power  to  meet 
all  demands  in  a  manner  better  than  ever.  We  have,  I  think,  every 
reason  to  believe,  that  as  yet,  we  are  only  at  the  threshold  of  an  era 
of  Renaissance  work  which,  while  following  after  the  models  of  the 
real  Renaissance  of  France,  Italy  and  England,  yet  has  in  it  the  ring 
of  the  nineteenth  century,  and  in  its  lines  the  feeling  of  a  strong  desire 
to  meet  the  demands  of  the  times.  Once  more  must  we  turn  our  stu- 
dents to  Vignole  and  the  orders  for  the  rudiments  of  scholarly  work. 
Of  all  the  signs  of  the  times  in  the  architectural  world,  I  consider  this, 
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one  of  the  most  hopeful,   that  we  again  sincerely  study  classic  work. 

I  spoke  of  Gothic  being  applied  to  Romanesque.  More  than  this 
has  been  done.  It,  like  Renaissance,  has  found  favor  in  the  minds  of 
people  and  architects,  and  each  year  sees  an  increasing  amount  of 
work  done  in  it.  Its  spirit  of  dainty  detail,  and  quaint  lines,  under  the 
guidance  of  such  men  as  Wilson  Eyre,  is  pervading  quite  extensively 
certain  classes  of  our  work;  so  that,  even  if  Gothic,  pure  and  simple, 
should  come  back  as  a  universal  style,  I  believe  it  would  be  more 
refined,  charming  and  sensible  than  ever  before.  Already  a  large  pro- 
portion of  the  new  churches  in  all  parts  of  the  country  are  Gothic;  and 
it  looks  as  though,  as  time  goes  on,  we  might  expect  the  Gothic  style 
to  come  back,  at  least  as  a  church  style.  It  is  eminently  fitted  for  this 
— more  so,  I  believe,  than  any  other  known  stj^le  and  would,  therefore, 
be  a  tendency  in  the  right  direction.  As  to  its  becoming  a  style  for 
office  and  public  buildings  I  do  not  fear. 

The  feeling  is  setting  too  strongly  in  favor  of  Renaissance  as  the 
style  for  such  work,  for  that  to  occur.  What  seems  probable  is,  that 
for  the  next  few  years,  at  least,  Gothic  may  claim  a  large  part  of  the 
church  work,  and  Romanesque  the  remainder,  and  Renaissance  the 
bulk  of  the  public  buildings,  and  possibly  a  part  of  the  office  work, 
except  that  in  the  latter  branch  I  shall  look  for  a  strong  Romanesque 
tendency,  tempered  it  may  be,  as  indicated  above.  The  private  work 
will  follow  in  the  make  of  all  three  of  the  styles,  and  their  phases; 
although  I  think  less  so  in  the  case  of  Gothic,  than  the  other  two. 

But  it  does  not  seem  likely,  when  we  consider  that  no  really  new 
style  can  be  developed,  and  we  add  to  this  our  naturally  inventive, 
and  restless  natures  in  matters  of  taste  and  art,  that  there  will  be  any 
setting  down  to  one  thing  definitely,  for  any  long  term  of  years.  I 
believe  changes  will  come:  but  that  they  will  come  more  slowly,  as 
we  grow  better  acquainted  with  the  resources  of  the  various  styles; 
and  learn  to  see  their  beaut}'  and  usefulness. 

The  system  of  designing  will  continue,  I  believe,  largely  eclectic, 
although  its  worst  features  will  be  eliminated  as  the  profession  be- 
comes familiar  with  the  work  of  the  past  in  a  more  scholarly  way, 
and  its  libraries  become  filled  with  choice  works  treating  of  architect- 
ural history  and  models. 

There  will  thus  be  less  danger  than  ever  before  from  this  system, 
and  we  may  fairly  expect  a  higher  grade  of  general  excellence  iD 
design,  thought  and  conscientiousness,  than  we  have  at  present.  With 
the  splendid  publications  so  complete  on  every  hand,  and  training 
schools  constantly  sending  into  the  offices  young-  men  with  proper 
ideas,  desires  and  theoretical  training,  and  so  many  of  our  practicing 
architects  so  zealous  to  raise  the  tone  of  the  profession,  and  to  promote 
scholarly  work:  it  seems  highly  probable,  that  whatever  our  future  as 
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regards  any  particular  style  may  be,  the  work,  as  a  whole,  will  grow 
better  and  better,  and  more  worthy  the  architecture  of  the  most  en- 
lightened and  progressive  nation  on  the  globe. 


DISCUSSION. 


President: — It  is  a  very  interesting  paper,  and  I  think  worthy  of 
discussion. 

MR.  Palmer: — I  should  like  to  ask  Mr.  Hopkinson  what  styles  in  his 
judgment  are  likely  to  prevail  in  the  architecture  of  our  private 
houses? 

Mr.  Hopktnson: — I  would  like  to  have  some  of  the  other  architects 
take  up  the  subject.  I  think  I  indicated,  as  fully  as  I  dared,  what  the 
general  opinion  was,  and  should  like  to  hear  from  some  of  these  other 
gentlemen. 

MS,  Sopkinson:— Professionally  I  think  there  is  no  special  style, 
which  is  likely  to  prevail  except  that  the  Renaissance  and  Romanes- 
que of  all  countries  and  the  Colonial  style,  and  the  Swiss  and  Dutch, 
and  everything  else  that  is  odd  and  quaint,  and  sometimes  outlandish, 
are  blending  together;  but  there  seems  to  be  a  lacking  in  the  Gothic, 
although  I  think  the  Gothic  ornament  is  going  to  be  more  largely 
used  as  time  goes  on  than  it  has  been  in  the  past. 

The  Gothic  ornaments  are  so  beautiful,  and  as  I  said  with  just  a 
touch  of  the  spirit  of  Renaissance  they  become  so  extremly  delicate, 
that  I  would  like  to  see  them  carried  on,  and  am  sure  they  will  be. 

Mr.  Coburn: — I  have  not  thought  of  saying  anything  about  it,  but 
it  seems  as  though  the  delicacy  and  refinement  of  the  classic  style, 
was  started  throughout  the  country  by  the  introduction  of  the  colon- 
ial, about  the  time  of  the  Centennial,  (I  think  it  was  the  Centennial 
Exhibition  that  started  that  style  in  vogue).  It  seems  as  though  the 
delicacy  of  it  was  becoming  more  appreciated. 

Along  with  that,  it  seems  to  me  as  though  the  constructive  design 
that  we  used  to  think  was  found  only  in  Gothic  styles  is  being  more 
introduced  than  we  thought  possible  in  classic  work;  and  if  that  could 
be  done  and  if  we  could  only  bring  in  to  the  classic  work  that  construc- 
tive element  so  we  might  know  it  is  truthful  in  spirit;  that  it  was  not 
merely  something  stuck  on;  if  we  knew  that  those  forms  really  repre- 
sented part  of  the  construction,  then  we  would  affect  the  Gothic 
spirit. 

It  seems  sometimes  as  though  it  was  coming,  and  then  on  the 
other  hand,  we  see  so  much  that  is  copied;  copied  and  built  out  of  al- 
most anything;  copied  from  Greek,  and  copied  from  everything.  Per- 
haps a  good  example  is  the  building  of  the  Columbian  Exhibition 
Buildings  out  of  stucco,  all  representing  solid  stone. 
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That  is  one  thing  we  have  got  to  get  over;  that  is  what  seems  to  be 
an  outrage,  and  we  must  get  over  it. 

Mr.  Richardson: — It  seems  to  me  that  Mr.  Coburn  has  set  things 
before  us  as  clearly  as  could  be. 

So  far  as  Amercan  style  is  concerned,  it  seems  we  have  that  already, 
and  do  not  know  it.  Those  tall  buildings  at  Chicago,  there  are  no 
such  styles  in  the  world.  One  who  is  authority  thinks  that  they  show 
a  very  good  handling  of  a  very  difficult  problem,  and  it  is  very  likely 
that  the  older  buildings  we  admire  so  much,  have  been  brought  about 
by  just  some  such  condition  as  that.  Possibly  the  Gothic  architect 
may  have  reasoned  in  that  way;  because  it  is  an  entire  departure  from 
anything  before. 

All  these  buildings  are  simply  pieces  of  very  fine  engineering;  they 
do  not  pretend  to  architecture.  You  take  the  German  Opera  House  at 
Chicago;  just  immense  vertical  lines  drawn  all  the  way  up  and  down, 
and  they  look  well.     I  would  like  to  see  it. 

There  is  a  building  which  looks  like  a  tower;  well  designed.  The 
lower  part  is  very  plain,  and  the  upper  part  is  quite  rich.  There  never 
has  been  anything  like  that.  These  buildings  will  be  looked  upon  as 
a  new  style. 

I  think  if  an  American  style  comes  at  all,  it  will  come  as  others 
did.  Certain  conditions  will  have  to  be  met  and  the  style  will  come, 
and  I  think  if  the  architect  would  draw  his  work  more  as  the  engineer 
does,  we  would  have  something  better,  and  not  to  decorate  construct- 
ion, but  construct  decoration.  A  certain  gentleman  says: — "Don't 
you  employ  an  architect  whatever  you  do;  hire  a  good  mason  and  let 
him  put  up  the  walls,  and  then  hire  an  architect  and  let  him  put  the 
face  on".     It  has  simply  been  applied. 

I  have  great  respect  for  McKim,  Mead  and  White,  but  it  some- 
times seems  as  though  they  come  very  near  acting  upon  this  principle. 

There  is  a  building  in  New  York  called  the  Racket  Club.  It  is  con- 
struction decorated,  instead  of  the  other  way.  It  is  well  our  colleges 
are  teaching  these  styles,  and  if  we  will  study,  instead  of  copying,  and 
apply  the  principles  with  the  problem  in  hand  and  then  work  it  out, 
and  try  to  bear  in  mind  that  other  members  of  the  building  must  have 
some,  and  we  will  get  ornament  and  decoration  enough.  There  seems 
to  be  a  boom  in  putting  phases  on  things,  but  that  is  simply  a  little 
classic  and  Colonial  revival.  I  think  the  Gothic,  and  Romanesque  and 
Renaissance  will  remain. 

Mr.  Hermann: — Although  lam  not  an  architect,  and  do  not  know 
much  about  it,  but  the  remarks  that  are  made  here  remind  me  of  the 
difficulties  in  the  way  of  a  new  style,  which  shall  be  a  distinct  Ameri- 
can style.  I  do  think  that  is  coming,  and  in  the  shape  of  what  the 
Germans  call  "utility  construction".       In  the  old  country  there  are 
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very  lai'ge  Government  buildings  for  the  housing  of  soldiers,  (barracks 
in  English).  These  buildings  have  the  object  of  getting  as  many  sleep- 
ing rooms  together  as  possible.  The  buildings  are  very  large.  Some 
of  them  are  built  with  regard  to  defense  in  case  of  a  riot.  Sometimes 
some  of  those  buildings  are  1000  feet  front.  I  do  not  think  any  Archi- 
tect could  qualify  them,  still  they  are  great  buildings.  They  have  a 
peculiar  beauty  of  their  own.  Now,  those  big  buildings  in  Chicago 
and  New  York  are  something  of  that  character;  still  they  work  out 
the  same  details  in  very  large  proportions. 

That  there  is  a  chance  for  a  new  style  as  I  say,  (although  I  am  not 
an  architect  nor  an  artist),  it  seems  to  me  that  the  present  and 
future  can  create,  and  if  we  would  look  over  architectural  work,  we 
would  find  that  each  of  them  have  something  peculiar  and  distinct.  I 
say,  it  doesn't  seem  to  me  that  we  are  bound  to  what  has  been  done, 
and  cannot  create  anything  new. 

Mr.  Hopktnson: — In  New  York  City  men  are  trained  in  the  college 
work  as  well  to  base  all  their  decoration  on  construction,  and  I  think 
everyone  who  comes  from  New  York  believes  that. 

I  am  glad  that  the  idea  is  growing,  and  I  know  that  Cleveland 
architects  are  right  in  line. 

Utilitarian  architecture,  being  based  upon  construction,  is  dignified 
and  imposing  in  ware-house  work,  and  in  buildings  where  there  is  no 
architectural  beauty.  It  has  a  sense  of  beauty  that  comes  from  the 
fact  that  it  is  largely  utilitarian  and  based  on  construction.  That  is  a 
clear  point  to  start  from;  but  I  wish  to  say  with  regard  to  much  of 
our  Gothic  and  Renaissance  detail  that  much  of  the  Renaissance  was 
grotesque,  and  the  Gothic  almost  as  grotesque.  Much  of  it  has  the 
form  and  idea  of  Gothic  Carvers'  Work,  but  not  the  spirit  of  delicacy 
because  most  of  the  Gothic  was  in  the  air,  and  when  it  was  brought 
down  it  lost  its  delicacy  and  in  many  cases  in  copying  this  was  not 
sufficiently  taken  into  account.  The  extreme  delicacy  of  the  Ameri- 
can handling  of  subjects  I  do  not  think  can  be  attributed  to  the  old 
masters.  I  myself  cannot  see  how  we  can  originate  a  style.  All  we 
can  do  is  work  in  the  lines  of  other  schools.  It  is  as  though  you  went 
around  a  circle  and  then  asked  for  more.  If  we  went  to  India  we 
conldn't  find  anything  very  different  in  principle  but  we  can  throw  our 
individual  nationatity  into  some  one  of  the  phases  of  the  past  and 
make  it  an  architectural  school,  which  is  strictly  American,  and  that 
is  all  we  can  do.  It  is  in  that  line  that  we  can  hope  to  do  something 
original. 

Mr.  Hermann: — When  American  machines  were  first  designed,  a 
wooden  frame  gave  the  shape  of  the  machine,  and  even  long  after  iron 
was  employed  to  shape  the  machines,  it  was  all  a  copy  of  the  wood- 
work.    It  has  within  the  last  few  years  changed  entirely. 
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Forms  and  changes  that  were  never  thought  of  are  now  used  on 
the  machines  of  today:  look  different,  and  have  a  style  peculiar  to 
themselves,  but  I  do  not  think  that  any  architect  would  call  them 
homely,  although  they  are  very  plain;  but  there  is  a  peculiar  style 
which  differs  entirely  from  what  has  been  used  twenty  years  ago,  and 
I  do  think  the  same  ought  to  be  possible  in  buildings. 

Mr.  Warner: — We  would  like  to  hear  from  Mr.  Searles;  we  would 
like  to  have  him  tell  us  about  the  bridges  of  New  York. 

Mr.  Searles: — Mr.  President,  my  name  has  been  mentioned,  and  I 
feel  it  a  pleasure  to  respond,  although  it  is  premature  to  say  anything 
about  the  architecture  of  New  York  bridges.  The  one  great  bridge 
which  has  been  for  years  the  success  across  the  East  River  is  probably 
well  known  to  all  the  members.  The  bridge  as  viewed  from  any 
standpoint,  I  think,  commends  itself  to  the  good  taste  and  best  judg- 
ment of  the  beholder,  either  from  the  land  or  from  the  water.  It  is 
graceful,  strong  and  aiiw,  and  undoubtedly  useful  to  the  last  degree. 

The  other  bridges,  which  are  as  yet  unbuilt,  we  can  say  but  little 
about.  The  bridge  with  whicn  I  have  had  some  connection,  which  is 
designed  to  span  the  East  River  at  23rd  St.,  New  York,  I  think  will  at 
least  equal  in  beauty  the  East  River  bridge. 

The  design  as  now  completed  and  on  file  in  the  office,  has  masonry 
foundations  down  to  the  rock,  surmounted  above  the  water  by  steel 
towers,  which  are  vei*y  graceful  in  design.  These  have  been  published 
in  some  of  our  journals,  that  is  the  designs  have  been.  The  floor  of 
the  main  span  is  supported  by  an  inverted  or  suspended  arch. 

The  arch,  however,  is  constructed  of  wire:  an  endless  skein,  like 
that  of  the  East  River  bridge  so  far  as  the  building  of  the  cable  goes, 
but  differing*  in  another  respect,  in  that  the  wire  is  not  carried  contin- 
uously from  anchorage  to  anchorage,  but  is  about  in  three  distinct 
skeins;  one  passing  from  tower  to  tower  across  the  river,  and  another 
over  the  east  half  span,  and  the  other  on  the  west  half  span. 

The  skeins  are  suspended  from  steel  pins,  the  cable  losing  its  circu- 
lar section  near  the  pin,  and  spreading  out  into  strands,  so  that  they 
can  pass  over  the  pin  and  occupy  considerable  space  on  the  land. 
These  strands  are  interlocked  with  the  strands  of  the  main  span.  It  is 
proposed  to  have  a  steel  pin  twenty-five  feet  long,  and  40  inches  in 
diameter,  and  made  hollow.  This  is  a  wide  departure  from  any  previ- 
ous suspension  bridge. 

This  would  appear  to  make  no  allowance  for  expansion  and  con- 
traction due  to  temperature,  but  it  is  only  the  difference  in  expansion 
between  the  half  of  the  middle  span  and  the  main  span  that  has  to  be 
accounted  for,  and  this  is  so  small  that  it  can  easily  be  taken  up  in  the 
steel  towers  which  will  be  600  feet  high. 

Nothing  has  really  been  done  as  yet  towards  construction,  because 
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so  niuch  is  first  necessary  in  regard  to  leg'al  status,  and  right  of  way 
on  a  lai'ge  amount  of  property.  Proceedings  are  in  progress  for  con- 
demning land  where  purchase  could  not  be  made,  and  it  is  probable 
that  within  twelve  months  from  this  time,  and  perhaps  much  less, 
some  engineering  work  will  be  undertaken  on  the  ground. 

Without  going  into  the  details  as  to  dimensions,  I  will  just  say, 
gentlemen,  that  the  main  span  across  the  river  will  be  not  less  than 
3000  feet  long  and  125  feet  in  width.  It  will  accommodate,  on  the 
main  floor,  eight  (8)  tracks  of  standard  gauge,  for  express  trains,  and 
it  will  have  a  second  floor,  or  deck,  which  will  accommodate  six  (6) 
tracks.  It  is  exclusively  a  railroad  bridge,  not  intended  to  have  wag- 
on travel;  it  may  possibly  be  for  pedestrians,  as  it  will  be  an  object  of 
interest  and  an  attractive  work,  after  the  study  that  has  been  put 
upon  it,  I  may  say  that  the  difficulties  in  the  way  are  not  in  engineer- 
ing feat,  but  in  securing  the  harmony  of  all  the  different  railroad 
companies  that  will  be  interested  in  it;  of  all  the  different  classes  of 
people  that  are  interested  in  it.  The  harmonizing  of  these  interests 
affords  a  much  more  difficult  problem  than  that  of  civil  engineering,  as 
this  is  already  solved, 

The  President: — I  would  like  to  ask  what  grade  of  steel  would  be 
used  in  cable  of  that  sort? 

Mr.  Seakles: — There  will  be  a  steel  wire,  but  as  to  the  grade  I  do 
not  think  the  specification  has  yet  been  written,  because  we  are  learn- 
ing all  the  time,  and  the  very  latest  and  most  approved  method  would 
be  adopted. 

The  history  of  these  bridges  is  something  like  this: — As  long  ago  as 
six  years,  1886,  I  think,  Mi\  Lindenthal  first  moved  in  this  matter  of 
the  Hudson  River  bridge.  He  is  entitled  to  the  first  suggestiou  of 
such  a  structure,  and  really  to  all  that  has  been  done  towards  it  since. 

It  was  at  the  instance  of  some  of  the  large  Trunk  Lines  that  he 
commenced  this  study,  although  it  has  taken  a  different  shape  since, 
and  there  now  is  organized  a  Bridge  Company,  having  its  charter 
directly  from  the  United  States  Government  as  a  Post  road,  and  as  the 
means  of  commerce  between  states,  and  the  work  has  gone  on  with 
the  usual  difficulties  encountered  in  such  a  great  work;  but  the  idea 
was  later  taken  up  by  another  company,  which  is  known  as  the  New 
York  and  New  Jersey  Company.  This  is  composed  of  a  number  of 
New  York  gentlemen  who  are  best  known  in  the  Political  field,  and 
they  keep  themselves  constantly  before  the  public.  You  may  have 
noticed  in  the  public  press  their  doings  on  all  occasions. 

This  New  York  and  New  Jersey  Company,  before  it  had  any  design 
for  a  bridge,  received  state  charters,  but  to  this  day  they  have  no  leg- 
islation to  permit  them  to  cross  the  river. 

The  North  River  Bridge  Company,  of  which  Mr.  Lindenthal  is  chief 
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engineer,  a  year  ago  last  July,  obtained  full  authority  to  organize  as 
a  company,  and  to  build  its  bridge  subject  to  the  approval  of  the  Sec- 
retary of  war  as  to  plans. 

These  have  been  submitted  to  and  passed  upon  by  the  Secretary  of 
War  and  finally  approved,  and  everything  is  in  good  shape.  The  char- 
ter carries  with  it  not  only  the  power  to  cross  the  River  and  build  on 
either  side,  but  also  tocondemn  land  as  may  be  necessary  by  the  usual 
process  in  the  United  States  Courts,  but  following  the  laws  of  the 
states  in  every  case. 

The  New  York  and  New  Jersey  Bridge  Company  worked  a  year  ago 
during  the  whole  session  of  Congress  to  secure  a  favorable  report  in 
regard  to  their  bridge,  and  were  unable  to  get  it.  They  worked  again 
all  this  session  of  Congress,  and  have  finally,  within  a  few  weeks,  ob- 
tained a  report  from  the  committee,  the   bill  is  now  before  Congress. 

Mr.  Warner: — Would  it  not  have  been  cheaper  to  build  the  bridge 
with  a  central  pier? 

Mr.  Searles: — From  an  engineering  point  of  view,  undoubtedly 
it  would  be  economical  to  put  a  pier  in  the  river,  but  the  company 
was  not  permitted  to  consider  that  matter  as  the  government  refused 
to  have  any  pier  in  the  river;  if  the  bridge  could  not  be  built  without 
a  pier,  it  was  not  to  be  built,  so  that  the  engineer  is  forced  to  consider 
a  single  span  and  to  adapt  the  material  to  the  necessity  of  the  case. 
Two  spans  of  1,500  would  be  very  much  cheaper  than  one  of  3,000; 
nevertheless,  the  3,000  foot  span  can  be  built  at  a  not  unreasonable 
expense.  We  havea  table  of  figures,  showing  what  has  been  the  price 
per  lineal  foot  of  track  on  bridges  in  Europe  and  America  and  it  is  a 
fact  that  this  bridge  will  cost  but  very  little  more  per  foot  of  track  on 
it  than  other  railroad  bridges.  The  tracks  will  be  occupied  and  put  to 
service,  and  so  the  bridge  will  not  have  an  excessive  cost,  in  compari- 
son with  the  business  it  will  do. 

Mr.  Coburn: — I  would  like  to  enquire  something  about  the  number 
of  skeins,  and  about  how  large  they  are? 

Mr.  Searles: — I  used  the  word  skein  mereh7  by  way  of  illustration. 
These  wires  will  be  suspended  from  one  pin  to  the  other.  They  will 
be  sheathed  with  steel  plates  for  protection  against  the  weather.  The 
cable  is  four  feet  in  diameter  and  the  height  of  the  truss  50  feet  and 
thoroughly  braced  from  end  to  end,  and  on  pin  connections. 

The  wires  at  the  intersection  points  of  bracing  widen  out  a  little, 
just  enough  to  get  around  the  pin  which  is  provided  for.  Of  course, 
all  the  details  I  cannot  go  into  here,  but  this  is  the  general  idea,  that 
the  chords  of  the  suspended  arch  are  wire  and  in  cable  form;  neverthe- 
less they  are  kept  in  place  by  stiff  bracing  on  pin  connections,  and 
one  massive  pin  at  the  top  of  each  tower  supports  all  the  strands. 

The  case  of  the  Washington  bridge  over  the  Harlem  River  is  just 
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this  case  reversed.  The  thrust  there  is  all  concentrated  on  one  pin  at 
the  abutment. 

Mr.  Hopkinson: — What  is  the  strength  of  the  Brooklyn  Bridge  as 
compared  to  the  new  bridge? 

Mr.  Searles: — The  Brooklyn  bridge  cable  is  about  14  inches  as 
against  48  in  this.  There  are  4  cables  in  each  case;  the  difference  in 
the  section  of  the  cables  indicates,  in  a  measure,  the  difference  in  the 
strength,  but  the  Brooklyn  bridge  is  doing  all  it  ought  to  do,  and  it  is 
carrying  its  trains  of  small  cable  cars,  and  the  wagon  traffic  and  foot 
traffic,  while  the  North  River  Bridge  is  intended  entirely  for  railroad 
traffic.  As  the  trains  come  across  the  country  from  Philadelphia,  and 
other  points  they  will  go  right  across  the  bridge  without  slacking 
speed  into  New  York  City.  The  weight  of  the  bridge  itself  is  so  great 
that  the  additional  weight  of  the  trains  is  of  less  importance  than  it 
would  be  in  a  smaller  structure. 

Mr.  Richardson: — I  would  like  to  ask  Mr.  Searles  in  what  way  are 
the  ends  of  the  single  wires  connected? 

Mr.  Searles: — It  is  proposed  to  connect  these  by  electricity.  In 
the  East  River  bridge  the  wire  ends  were  connected  by  a  sort  of  sleeve- 
nut,  but  at  the  present  day  the  electric  weld  is  all  that  is  necessary. 

Mr.  Richardson: — How  high  is  this  pin  in  the  tower;  how  high 
from  the  water? 

Mr.  Searles: — About  600  feet.  The  bridge  is  to  clear  the  water 
150  feet  at  the  center. 

Mr.  Hopkinson: — I  would  like  to  ask  if  when  the  life  of  the  Brook- 
lyn Bridge  ends,  they  will  try  and  replace  the  cable,  or  will  they  have 
to  take  the  whole  bridge  to  pieces,  or  what? 

Mr.  Searles: — I  don't  know.  One  of  the  oldest  bridges  in  the 
country;  one  of  the  first  suspension  bridges  ever  put  up  was  at  Phila- 
delphia, across  the  Schuylkill  River,  and  that  was  taken  down  a  few 
years  since,  (I  cannot  give  the  dates),  and  the  wire  which  was  in  the 
cable,  when  released,  sprung  into  a  circle  again  like  the  coil  it  was 
originally  wound  in,  and  apparently  it  had  only  commenced  its  life; 
what  it  would  have  been  in  old  age,  or  when  that  would  have  happen- 
ed I  cannot  say. 

Mr.  Hermann: — In  regard  to  the  life  of  suspension  bridges  I  do  not 
know,  but  in  France  every  14  years  the  bridges  have  to  be  tested.  I 
know  of  one  instance  where  one  bridge  was  tested  and  the  cable- 
anchorage  was  corroded  and  broke.  The  bridge  was  not  a  wire  sus- 
pension bridge.  In  Bavaria  they  also  have  a  law  enforcing  the  testing 
of  bridges,  but  I  think  that  present  engineering  has  got  over  this.  My 
impression  is  that  the  wire  would  last  indefinitely  if  protected  from 
the  weather,  and  if  the  strain  was  on  the  inside,  I  should  think  it 
would  be  almost  impossible  to  limit  its  life. 


404  ASSOCIATION  OP  ENGINEERING  SOCIETIES. 

Mr.  Porter: — I  would  like  to  know  if  it  is  not  the  custom  in  this 
government  to  require  steel  that  will  stand  a  strain  of  200,000  to  300, 
000  pounds  to  the  square  inch.  When  Mr.  Lindenthal  read  his  paper 
before  the  American  Society,  I  think  he  mentioned  the  fact  that  prob- 
ably this  bridge  would  be  made  of  steel  that  would  stand  a  strain  of 
180,000. 

I  saw  a  statement  in  the  paper  that  a  suspension  bridg-e  at  Cincin- 
nati is  to  be  replaced  by  a  new  bridge;  probably  it  will  be  a  truss 
bridge.  As  I  understand  it,  it  is  on  account  of  the  injury  to  the  cables, 
probably  from  the  failure  to  keep  the  water  from  getting  among  the 
wires.     I  think  if  water  gets  in,  it  makes  short  work  of  this. 

A  Member: — I  think  these  cables  were  tested,  were  they  not? 

Mr.  Porter: — Yes,  sir. 

A  Member: — They  were  found  to  stand  up  to  the  original  test? 

Mr.  Porter: — Yes,  sir. 
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By  J.  N.  Barr,  Member  Wisconsin  Polytechnic  Society. 


[Read  May  9,  1892.] 

There  is  possibly  no  point  that  has  a  more  important  bearing  on  the 
economical  administration  of  tbe  affairs  of  a  railroad  than  the  records. 
These  may  be  divided  into  three  classes. 

First,  we  have  the  financial  records  which  have  always  been  a  nec- 
essity from  the  very  nature  of  the  case  and  which  are  frequently 
carried  to  a  high  degree  of  perfection  as  illustrated  in  the  Annual 
Reports  of  many  railroads. 

Second,  we  have  the  class  of  records  necessitated  by  the  require- 
ments of  special  classes  of  work.  The  Car  Record  is  a  very  good 
example.  This  very  elaborate  and  expensive  record  is  maintained  on 
all  roads  chiefly  because  it  would  be  impossible  to  maintain  the  effici- 
encjf  of  the  transportation  department  without  its  use. 

Third,  we  have  the  class  of  records  which  are  not  required  by  any 
financial  or  administrative  considerations,  but  which  have  for  their 
object,  thai  of  securing  greater  efficiency  and  economy  in  the  admin- 
istration of  any  particular  department. 

It  will  no  doubt  be  admitted  at  once  that  unless  a  record  of  this 
kind  really  gives  such  information  as  will  lead  to  greater  economy  or 
effectiveness  in  the  operations  it  records,  it  is  valueless;  and  unless  it 
effects  a  greater  saving  than  the  cost  of  maintaining  it,  there  is  no 
reason  for  its  existence.     A  railroad  company  is  strictly  a  money-mak- 
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ing  and  money-saving  concern.  There  is  nothing  in  its  intention  that 
will  justify  the  maintenance  of  a  record  merely  to  satisfy  curiosity, 
or  to  establish  points  of  abstract  scientific  interest.  This  may  seem  a 
self-evident  proposition,  but  a  careful  observation  on  any  road  will 
almost  invariably  reveal  the  fact  that  there  are  records  which,  if  they 
are  not  maintained  merely  for  curiosity,  do  very  little  toward  effect- 
ing their  legitimate  object,  that  of  affording  information  that  will  be 
of  actual  practical  value  in  determining  the  weak  and  objectionable 
points  in  present  practice  and  pointing  out  improvements  for  the 
future.  For  example,  many  roads  make  reports  of  broken  axles,  and 
some  sort  of  a  record  is  kept  of  the  same,  but  of  what  possible  service 
can  such  a  record  be  unless  the  character  and  location  of  the  fracture 
is  given,  as  well  as  the  size  of  the  axle  and  the  load  carried.  With 
this  additional  information,  the  record  will  determine  the  proper  limit 
of  size  for  the  axle,  for  a  given  load,  without  it,  we  discover  simply 
that  so  many  axles  have  been  broken  in  a  given  time. 

With  these  preliminary  remarks  I  will  pass  on  to  the  description  of 
the  wheel  record,  and  will  endeavor  to  show  what  it  has  taught,  what 
it  may  yet  teach,  and  wherein  it  does  not  and  cannot  give  the  informa- 
tion necessary  to  a  thorough  comprehension  of  the  entire  problem 
which  it  attempts  to  solve. 

In  the  first  place  it  will  be  necessary  to  give  some  idea  of  the  sub- 
ject matter  with  which  the  record  has  to  deal.  A  more  or  less  ade- 
quate conception  of  the  qualities  of  a  wheel  and  the  circumstances 
attending  its  service  is  absolutely  essential  in  devising  a  wheel  record 
and  the  more  comprehensive  the  knowledge  of  these  points,  the  more 
nearly  perfect  will  the  record  be. 

To  the  casual  observer,  noting  the  operations  of  making  chilled 
cast  iron  car  wheels,  the  same  will  appear  as  a  mass  of  metal  of  the 
proper  size  and  shape  with  the  parts  that  come  in  contact  with  the . 
rail  chilled  or  hardened  to  increase  its  durability,  and  after  observing 
the  fact  that  the  operation  of  chilling  transforms  the  originally  gray 
iron,  for  a  certain  depth  from  the  chilling  surface  into  a  triliant  white 
and  intensely  hard  metal,  a  somewhat  more  definite  idea  would  be 
formed.  The  idea  of  the  wheel  would  then  be  a  mass  of  metal  of  the 
proper  shape  and  size,  the  body  of  which  is  composed  of  gray  cast 
iron,  the  parts  in  contact  with  the  rail  being  formed  of  a  shell  of  hard 
white  iron.  The  tread  of  the  wheel  and  inside  of  flange  being  formed 
against  a  chill  carefully  trued  up  in  a  lathe  will  naturally  be  supposed 
to  present  a  true  cylindrical  or  conoidal  surface  to  the  rail.  The 
wheel  as  described  above  may  fitly  be  termed  the  ideal  wheel,  and  it  is 
ideal  in  more  senses  than  one.  If  now  the  observer  with  this  amount 
of  observation  were  to  attempt  to  devise  an  adequate  wheel  record, 
the  results  to  be  obtained  from  it  as  a  device  for  effecting  greater  econ- 
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omy,  would  be  to  say  the  least,  not  flattering.  Such  a  record  would 
show  that  in  a  given  year  a  certain  number  of  wheels  making  a  certain 
mileage  had  been  condemned.  It  might  show  the  comparative  merits 
of  different  makes  of  wheels,  but  even  here  its  teachings  would  have 
to  be  regarded  with  distrust,  for  the  results  might  be  very  misleading, 
as  will  be  shown  hereafter.  Precisely  similar  results  could  be  obtain- 
ed by  keeping  a  simple  account  of  the  number  of  wheels  of  each  kind 
used  and  the  number  drawn,  without  taking  mileage  into  consideration. 

A  more  extended  series  of  observations  will  however  develop  the 
fact  that  in  practice  the  ideal  wheel  is  seldom  or  never  realized  and 
that  the  departure  from  the  ideal  varies  in  different  makes  of  wheels 
and  more  or  less  in  wheels  of  the  same  make. 

These  departures  may  be  classified  as  follows: 

1.  Lack  of  roundness. 

2.  Variation  in  thickness  of  shell  of  white  iron. 

3.  Imperfection  in  the  white  iron. 

4.  Lack  of  requisite  strength. 

Lack  of  roundness  is  an  imperfection  which  is  not  readily  observed 
as  the  departure  from  a  true  conical  surface  is  so  slight  as  not  to  be 
perceptible  to  the  eye.  The  fact,  however,  is  revealed  at  once  on 
revolving  a  mounted  wheel  on  centers  and  presenting  a  stationary 
pointer  to  the  tread.  It  will  also  reveal  itself  to  the  observer  standing 
beside  a  moving  train  of  cars,  some  of  the  cars  being  equipped  with 
new  wheels.  The  new  wheels  will  at  once  make  the  fact  of  their  new- 
ness apparent  by  the  increased  rumbling  as  they  roll  upon  the  rail. 

Variation  in  the  thickness  of  the  shell  of  white  iron  on  which  the 
durability  of  the  wheel  depends,  will  be  perceived  at  once  on  breaking 
a  wheel.  One  wheel  will  be  sufficient  to  demonstrate  this  fact,  but 
careful  observation  and  measurement  of  a  large  number  of  wheels 
will  be  required  to  show  how  serious  and  all  pervading  this  imperfec- 
tion is. 

Imperfectioos  in  the  white  or  chilled  iron  are  not  at  all  obtrusive  in 
manifesting  themselves  and  are  generally  so  minute  or  indefinite  as  to 
escape  attention  until  the  attention  has  been  educated  and  directed  by 
observation  on  the  manner  in  which  wheels  fail  in  service. 

Lack  of  requisite  strength  can  only  be  determined  by  carrying- 
observations  further  than  a  mere  inspection  of  the  wheels  allow.  The 
actual  test  in  service  is  necessary  to  educate  the  judgment  in  this 
matter. 

Having  now  obtained  a  general  idea  of  the  peculiarities  that  mani- 
fest themselves  in  car  wheels,  of  the  departure  from  the  ideal,  a  record 
devised  with  this  amount  of  knowledge  would  doubtless  give  much 
more  satisfactory  and  valuable  results,  and  yet  without  a  knowledge 
of  the   manner  in  which  wheels  in  service  actuallv  fail,  and  the  influ- 
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ence  of  the  vai'ious  classes  of  service  on  the  life  of  a  wheel  the  record 
would  in  all  probability  be  far  from  adequate.  It  will  therefore  be  in 
oi'der  to  consider  these  two  points  briefly  before  determining  on  a 
form  of  record. 

As  to  the  manner  in  which  wheels  fail  in  service  a  careful  consider- 
ation of  what  has  just  been  said  on  the  imperfections  in  cast  iron 
wheels,  would  no  doubt  point  out  partially  how  wheels  actually  fail, 
but  it  would  require  little  less  than  prophetic  power,  to  deduce  and 
formulate  the  manner  in  which  wheels  fail  from  mere  observation  of 
the  wheel  itself.  Turning  frona  the  new  wheel,  however,  to  the  scrap 
pile,  we  find  a  full  answer  to  this  question. 

Here  it  is  found  that  wheels  fail  or  are  condemned  principally  from 
four  causes: 

1st.  Failure  of  the  shell  of  chilled  iron. 

2nd.  Abrasion. 

3rd.  Breaking  or  Fracture. 

4th.  Application  of  brakes. 

Under  the  head  of  "Failure  of  Chill"  there  are  four  distinct  forms 
which  manifest  themselves;  three  of  these  are  due  to  disintegration  of 
the  white  iron  and  are  termed  "Shelled  Out",  "Comby  and  Seams". 
The  fourth  form  is  caused  by  wearing  through  the  shell  of  white  iron 
where  it  is  thinnest  and  is  distinguished  by  the  term  "Worn  Flat". 

The  failures  due  to  "Abrasion"  may  be  classed  under  two  heads, 
"Worn  Flange"  and  "Tread  Worn  Hollow",  but  in  nearly  every  case 
in  which  a  wheel  is  condemned  on  account  of  tread  being  worn  hollow, 
the  wear  is  not  evenly  distributed  over  the  tread  but  occurs,  either 
close  to  the  flange  or  out  on  the  tread,  entirely  removed  from  the 
flange.  It  has  therefore  been  found  convenient  and  useful  to  distin- 
guish between  these  and  use  two  terms,  "Tread  worn  hollow  at  Flange" 
and  "Tread  worn  hollow  from  Flange." 

An  inspection  of  a  number  of  broken  wheels  reveals  the  fact  that 
each  particular  form  of  pattern  has  to  a  great  extent  its  own  peculi- 
arities as  to  manner  of  breaking,  but  the  wheels  under  this  head  may 
be  classified  as  follows:  "Broken  Flange",  "Broken  Rim",  "Cracked 
Plate",  "Cracked  between  plates",  "Burst"  and  "Broken  in  pieces." 

Under  the  head  of  wheels  condemned  on  account  of  application  of 
Brakes,  the  one  term  "Flat  from  sliding"  is  used. 

The  above  mentioned  small  list  of  defects  really  covers  the  whole 
subject  and  when  carefully  applied  in  a  record,  will  give  definite 
information  as  to  the  condition  of  condemned  wheels. 

With  regard  to  influence  of  service,  it  can  only  be  said  at  this  point 
that  no  definite  results  can  be  obtained  as  long  as  it  is  attempted  to 
consolidate  the  returns  from  wheels  of  different  sizes,  or  from  wheels 
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Statement  showing  defects  of  cast  iron  wheels  as  influenced  by  kind  of 
service  during  1890. 

Class  I.       (Chill  Failing.) 


SHELLED    OUT. 

COMBY. 

SEAMS 

Dia. 

of 

Wheel. 

SERVICE. 

No. 

Average 

"o 

Average 

No. 

12 

Average 

% 

Mileage. 

Mileage. 

Milea  e. 

Passenger. 

33 

148 

92007 

16.8 

1 

92307 

0.1 

99868 

1.4 

B.  M.  &  Ex. 

33 

178 

98891 

22  7 

— 

— 

— 

n 

113850 

1.4 

Parlor  &  Sl'per. 

33 

7 

91517 

36.8 

Engine  Tender. 

33 

1277 

60724 

53. 

6 

87100 

2. 

18 

97498 

7. 

F*m"             " 

30 

38 

65472 

41.8 

— 

— 

— 

1 

35702 

1.1 

Engine  Truck. 

30 

390 

48664 

49.2 

2 

30580 

0.3 

15 

83860 

1.9 

"              ". 

28 

816 

40771 

53.2 

7 

40771 

1.2 

4 

60161 

0.7 

a                    c 

26 

13 

31001 

27.7 

6 

31001 

12.8 

— 

— 

— 

Statement  showing  defects  of  cast  iron  wheels  as  influenced  by  kind  of 

service  during  1890. 

Class   II.       (Wear  on  Rail.) 


WORN  FLANGE. 

WORN     TREAD. 

WORN  FLAT. 

Dia. 

of 

Wheel. 

SERVICE. 

No. 

Average 

% 

No. 

Average 

/a 

No. 

Average 

Mileage. 

Mileage. 

Mileage. 

Passenger. 

33 

67 

97413 

7.6 

61 

119263 

6.9 

4 

105547 

0.5 

B.  M.  &  Ex. 

33 

65 

110426 

8.3 

59 

125168 

7.5 

7 

115025 

0.9 

Parlor  &  Sl'per. 

33 

3 

77030 

15.8 

1 

153145 

5.3 

— 

— 

— 

Engine  Tender. 

33 

318 

803K2 

13.2 

56 

107167 

2.3 

49 

121768 

2. 

41                           <1 

30 

3 

99570 

3.3 

5 

100562 

5.5 

23 

69610 

25.3 

Engine  Truck. 

30 

210 

55594 

26.5 

16 

88136 

2.0 

10 

69020 

1.3 

it             ii 

28 

100 

55918 

16.8 

17 

59366 

2.9 

9 

61075 

1.5 

• 

26 

2 

52201 

4.3 

— 

— 

— 

19 

41701 

40.4 

Statement  showing  defects  of  cast  iron  wheels  as  influenced  by  kind  of 

service  during  1890. 

Classes  II.  &  III.       (Wear  on  Rail  and  Broken.) 


WORN  HOLLOW           WORN  HOLLOW 
AT  FLANGE.                FROM  FLANGE. 

BROKEN 
RIM   OR  FLANGE. 

SERVICE. 

of 
Wheel. 

No. 

Average 
Mileage. 

%    (No. 

Aver  age 
Mileage. 

% 

No. 

Average 
Mileage. 

".i 

Passenger. 
B.  M.  &  Ex. 
Parlor  &  Sl'per. 
Engine  Tender. 

Engine  Truck. 

33 

33 

33 

33 

30 

30      - 

28 

26 

174 
146 
6 
259 
4 
37 
26 

91511 
99594 
102016 
82936 
39527 
62197 
45807 

19.7     49 
18.6      55 

31.6  !  — 

10.7  113 
4.4       2 
4.7      16 
4.4      14 

106020 
115797 

103369 
39957 
61671 
49202 

6.5 

7. 

4.7 

2.2 

2- 

2.4 

12 
14 

67 

8 
17 
6 

2 

115583 
118868 

89332 
90773 
30272 
49601 
35881 

1.4 
1.8 

2.8 

8.8 

2.1 

1. 

4.3 

THE    WHEEL    RECORD. 


409 


Statement  showing  defects  of  cast  iron  wheels  as  influenced  by  kind  of 

service  during  1890. 

Class  III.       (Broken.) 


KIND    OF 

Dia. 
of 

Wheel. 

CRACKED    PLATE 
OR  BRACKETS. 

OTHER  DEFECTS. 

TOTAL. 

SERVICE. 

No. 

Average 
Mileage. 

/o 

No. 

Average 
Mileage. 

So 

No. 

Average 
Mileage. 

Passenger. 
B.  M.  &  Ex. 
Parlor  &Sl'per. 
Engine  Tender. 

Engine  Truck. 

33 
33 
33 
33 
30 
3Q 
28 
26 

1 
1 
1 

104001 
33288 
9279 

0.1 
0.2 

354 

250 

2 

247 

7 

80 

94 

5 

46994 
49690 
5940 
44928 
46560 
586G4 
58552 
52344 

40.1 
31.8 
10.5 
10.2 
7.7 
10.1 
15.8 
10.6 

883 
785 

19 
2411 

91 
793 
594 

47 

77437 
88629 
86780 
69482 
68306 
53679 
47523 
39604 

of  the  same  size,  under  cars  or  engines,  varying  much  in  weight  or 
speed. 

We  have  now  taken,  as  it  were,  a  flying  observation  of  the  quali- 
ties of  car  wheels  in  general,  of  the  manner  in  which  they  fail  in  ser- 
vice, and  have  the  fact  that  the  character  of  service  exerts  an  import- 
ant influence  on  the  mileage  of  wheels.  An  adequate  wheel  record 
will  give  accurate  information  on  all  these  points  and  from  this  infor- 
mation a  correct  idea  of  the  merits  of  the  wheels  should  be  obtainable. 
If  a  railroad  company  does  not  make  its  own  wheels  the  question  is 
much  simplified.  But  when  wheels  are  also  made,  the  question  is 
further  complicated  by  records  of  material  used  and  foundry  manipu- 
lation, but  this  part  of  the  record  will  not  be  considered. 

Bearing  the  above  facts  in  mind,  we  are  now  prepared  to  take  up 
the  consideration  of  the  wheel  record  itself.  In  doing  this  it  is  not 
proposed  to  enter  into  a  description  of  the  varions  blanks  used  for  the 
purpose  of  collecting  the  information,  or  to  discuss  the  minutiae 
involved  in  compiling  the  information  and  putting  it  into  shape,  as 
that  would  be  much  better  comprehended  by  a  few  hours  observation 
of  the  actual  work  in  the  wheel  record  office. 

In  entering  on  this  description,  it  will  possibly  be  most  interesting' 
to  give  a  short  sketch  of  the  origin  and  development  of  the  wheel  rec- 
ord, so  far  as  my  experience  goes,  and  this  will  no  doubt  give  addition- 
al point  to  some  of  the  preceding-  remarks. 

When  the  wheel  record  was  first  established,  reports  were  made 
weekly  from  each  shop,  of  all  wheels  used  under  and  drawn  from  pas- 
senger equipment  cars  and  from  engines.  These  reports  gave  the 
wheel  number,  the  date  cast,  the  car  number  and  the  condition  of  the 
wheels  drawn.  The  mileage  of  the  wheels  drawn  was  ascertained  from 
the  record  of  Car  Mileage.       At  the  end  of  the  year  a  statement  was 
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made  of  the  mileage  of  wheels  drawn.  This  statement  showed  the 
average  mileage  of  wheels  of  the  same  size  drawn  from  passenger  and 
freight  engines  collectively,  giving  each  make  of  wheels  separately. 
Each  man  reporting  wheels  used  his  own  discretion  as  to  the  best  man- 
ner of  describing  the  condition  of  the  wheels  drawn.  You  will  notice 
here  that  a  distinction  was  made  between  the  service  of  wheels  under 
cars  and  under  engines.  This  was  a  step  in  the  right  direction,  but  as 
you  will  see  further  on  it  did  not  go  far  enough,  and  the  maker  who 
was  fortunate  enough  to  have  his  wheels  placed  under  freight  engines, 
had  about  two  thousand  miles  in  his  favor,  as  compared  with  the  same 
quality  of  wheel  placed  under  passenger  engines.  The  record  was 
continued  in  this  form  for  several  years,  but  in  a  short  time  there  was 
a  distinction  made  between  wheels  under  passenger  engines  and  freight 
engines.  Soon  a  separate  statement  was  made  for  wheels  drawn  from 
Pullman  Cars.  Many  of  the  wheels  reported  found  their  way  to  the 
wheel  foundry  and  an  endeavor  was  made  to  compare  the  condition  nf 
the  wheel  with  the  reports  from  the  road  but  met  with  a  repulse  at 
once  from  the  formidable  array  of  terms  used  in  describing  the  condi- 
tion. For  example,  the  condition  of  the  wheel  designated  by  the  term 
"Shelled  out"  was  described  in  the  weekly  reports  by  the  following 
terms;  Rough,  Worn  out,  Bad  manufacture  of  chill,  flaw  on  tread  in 
casting,  sand  holes,  Bad  chill,  Worn  in  holes  and  Flaws.  Each  shop 
had  its  own  pet  term,  and  in  that  case  the  same  term  did  service  for 
almost  any  condition  of  wheel.  In  view  of  these  discrepancies  a  cir- 
cular* was  issued,  by  our  company  which,  required  inspectors  to 
use  the  terms  before  mentioned  and  none  other.  This  certainly  result- 
ed in  a  great  reduction  of  the  number  of  terms  used  on  the  weekly 
reports,  but  the  men  were  not  inclined  to  use  this  term  with  sufficient 
discrimination  to  guarantee  strict  accuracy  and  the  old  tendency  to  a 
fondness  for  the  use  of  some  particular  term  began  to  manifest  itself. 

After  the  wheel  record  had  been  in  operation  about  five  years,  one 
of  the  most  important  steps  in  the  history  of  the  record  was  taken.  It 
was  required  that  all  condemned  wheels  drawn  during  any  month 
should  be  shipped  to  the  foundry  before  the  tenth  of  the  succeeding 
month.  These  wheels  were  all  inspected  on  unloading  them  from  the 
car.  and  the  report  of  the  condition  of  the  wheels  from  this  inspection 
placed  on  the  record  beside  the  report  from  the  road.  All  discrepan- 
cies were  promptly  reported  to  the  inspector  responsible  for  the  same, 
and  in  a  short  time  such  discrepancies  were  few  and  far  between. 

In  addition  to  securing  more  accurate  records,  another  and  extreme- 
ly important  result  was  accomplished;  the  proportion  of  wheels  found 
to  be  good  for  further  service  increased  enormously. 

*"Instructions  for  using  and  Repairing  Wheels  and  Axles."  Chicago, 
Milwaukee  &  St.  Paul  Railway  Co.,  December  1,  1883. 


THE    WHEEL    RECORD.  411 

A  distinction  was  made  between  the  mileage  of  wheels  drawn  from 
Baggage,  Express  and  Postal  Cars  and  the  ordinary  Passenger  Cars, 
including  Combination  and  Emigrant  Cars. 

This  was  the  last  important  change  made  in  the  record. 

In  addition  to  the  regular  weekly  reports  on  which  the  record  is 
based,  a  special  report  is  made  of  each  wheel  found  cracked  or  broken. 
These  reports  give  a  full  description  of  the  nature  of  the  fracture  and 
the  direction  of  train  as  well  as  the  nearest  station  to  the  point  the 
fracture  was  discovered. 

In  order  to  illustrate  the  above  remarks,  a  copy  of  the  Annual  Re- 
port of  wheels  removed  and  scrapped  on  the  Chicago,  Milwaukee  &  St. 
Paul  R'y  for  the  year  ending  Dec.  31st.  1890,  is  attached.  This  state- 
ment shows  the  number  of  wheels  removed  from  each  class  of  service 
and  the  average  mileage  of  the  same;  also  the  number  removed  for 
each  defect  and  the  average  mileage,  also  the  percentage  of  wheels 
removed  for  each  defect.  In  comparing  wheels  of  different  make  or 
wheels  of  the  same  make  for  different  periods  of  time,  a  decrease  in 
the  percentage  of  Shelled  out,  Comby,  Seamy  and  "Worn  flat  wheels, 
or  an  increase  in  the  mileage  of  wheels  condemned  for  these  defects, 
indicate  the  better  wheel.  A  perfect  wheel  should  only  wear  out  by 
wearing  the  flange  thin,  or  wearing  the  tread  hollow,  therefore  an 
increase  in  the  percentage  of  wheels  condemned  on  account  of  Worn 
Flange  or  Tread  worn  Hollow,  or  an  increase  in  the  mileage  of  the 
same,  indicates  improvement. 

I  will  not  trouble  you  with  the  details  of  the  various  reports  from 
which  this  statement  is  compiled,  but  would  say  in  any  branch  of 
work,  mere  reports  that  are  not  properly  compiled  are  likely  to  be  of 
very  little  service. 


DISCUSSION. 


Mr.  Geo.  W.  Goetz: — I  am  sorry  that  Mr.  Barr  is  not  here,  as  I  was 
anxious  to  hear  some  discussion  relative  to  the  matter  of  steel  wheels. 
Of  course,  I  take  that  side  of  the  question,  while  Mr.  Barr  is  inclined 
to  cast  iron.  I  hope  the  day  will  come  when  we  will  have  our  wheels 
made  of  steel.  It  seems  to  me  that  one  objection  to  the  chilled  iron 
wheel  would  be  the  strain  that  must  result  from  the  surface  being-  so 
hard  while  the  interior  stays  soft,  there  being  an  entirely  different 
chemical  composition  in  the  parts.  I  understand  that  provision  is 
made  for  taking  out  this  strain,  but  it  seems  to  me  that  a  great  strain 
must  remain.  I  have  no  records  of  steel  wheels,  but  I  know  they  will 
outlast  the  other  by  far,  and  it  is  only  a  matter  of  figures  to  find  out 
which  is  cheaper.      There  is  a  growing-  tendency  to  the  use  of  steel 
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wheels;  most  of  the  wheels  on  the  New  York  elevated  lines  are  of 
steel,  and  so  the  ground  is  gradually  being  conquered.  Of  course,  it 
takes  some  capital  to  use  steel  wheels;  it  takes  less  capital  to  use  iron 
wheels,  but  in  the  long  run  I  think  it  is  cheaper  to  use  steel  wheels, 
although  I  suppose  in  this  Mr.  Barr  may  not  agree  with  me.  I  know 
that  the  use  of  steel  wheels  is  increasing.  In  1884  we  had  one  furnace 
running  on  steel  wheels;  now  there  are  at  least  two  large  furnaces  in 
Cleveland,  and  I  do  not  know  how  many  in  Pittsburgh,  Midvale,  and 
other  places.  There  must  be  between  15  and  2 J  big  furnaces  making 
steel  wheels,  so  you  will  readily  see  how  this  has  increased  in  the  last 
few  years.  In  Germany  they  use  steel  wheels,  but  in  Austria  iron 
wheels  are  used.  I  noticed  when  in  Europe  last  summer,  at  a  little 
place  on  the  border  between  Germany  and  Austria,  that  they  unloaded 
the  goods  from  an  Austrian  car  on  to  a  German  car,  and  on  inquiring 
into  the  reason  for  this,  I  found  that  they  would  not  allow  the  Aus- 
trian car  with  cast  iron  wheels  on  the  German  road,  as  it  was  not  con- 
sidered safe.  Thej'  have  had  a  great  deal  of  discussion  on  the  matter 
over  there.  Of  course,  over  there,  the  conditions  are  entirely  different, 
and  they  have  never  been  in  the  same  position  as  we  are.  Charcoal 
iron  is  peculiarly  adapted  to  the  making  of  chilled  wheels,  the  condi- 
tions necessary  being  low  silica,  say  one  per  cent.,  and  high  carbon. 
As  soon  as  silica  is  1  +  per  cent.,  the  chilling  does  not  take  place  at  all. 
Over  there  they  cannot  make  low  silica  iron  with  high  carbon,  but  we 
can.  Charcoal  being  cheap,  we  can  make  chilled  wheels  here,  but  the 
price  of  charcoal  is  rising  steadily,  and  the  day  is  coming  when  we 
cannot  use  charcoal  iron  so  freely.  I  think  everybody  will  admit  this, 
when  you  consider  the  amount  of  wood  that  a  charcoal  furnace  uses 
per  day.  We  are  bound  to  come  to  the  steel  wheel,  even  if  the  record 
were  not  as  good  as  that  of  the  chilled  wheel. 

Mr.  Benzenberg: — I  am  sorry  that  Mr.  Barr  is  not  here,  but  if  he 
is  present  at  our  next  meeting,  I  will  be  glad  to  call  up  the  discussion 
at  that  time.  As  I  said  before,  it  seems  to  me  that  his  record  here 
demonstrates  one  fact,  that  the  record  which  they  have  and  are  work- 
ing under  is  as  yet  a  very  imperfect  one,  because  the  defects  that  very 
materially  reduce  the  service  in  average  mileage  and  represent  a  large 
proportion  of  the  number  of  wheels  drawn  from  service  are  apparently 
from  unknown  causes. 

Mr.  Hathaway: — Does  not  the  heading  "Other  defects"  refer  to 
defects  in  casting  aside  from  wear? 

Mr.  Benzenberg: — It  includes  all  general  defects,  other  than  those 
specified  under  the  various  headings,  and  under  this  head  there  is  ap- 
parently the  largest  deficiency  in  mileage  service. 

Mr.  Goetz: — I  think  you  will  find  the  mileage  service  of  steel 
wheels  to  far  exceed  that  of  iron,  though  I  have  no  exact  figures  on 
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the  matter.  Our  experience  has  been  that  in  order  to  get  a  good 
chilled  roll  there  should  be  a  certain  amount  of  phosphorus  in  iron, 
because  the  phosphorus  makes  iron  fluid,  but  in  case  phosphorus  is 
missing,  the  contx-action  is  so  strong  that  it  brings  out  little  fine  lines, 
when  the  least  strain  would  break  a  big  roll.  I  heard  a  party  connect- 
ed with  the  Pennsylvania  R.  R.  say  that  they  had  found  that  it  is  good 
to  have  a  certain  amount  of  phosphorus  in  a  chilled  wheel.  I  should 
imagine  that  these  chill  cracks  would  be  largely  a  cause  of  failure  in 
wheels. 

Me.  Benzenberg: — I  do  not  know  whether  Mr.  Bentzien  has  charge 
of  that  department  in  the  street  railway  service;  if  so,  he  might  be 
able  to  give  us  some  information. 

Mr.  Bentzien:— We  are  using  the  Barr  wheel,  but  I  am  not  famil- 
iar with  the  matter. 

Mr.  Benzenberg: — I  was  going  to  ask  the  real  cause  if  discovered 
of  the  peculiar  accident  that  happened  a  day  or  two  ago  on  a  Wash- 
ington St.  car.  The  car  had  just  turned  the  curve  on  to  West  Water 
St.,  when  all  at  once  the  rear  part  of  the  same  flattened  right  down  and 
settled  completely  on  to  the  rail,  so  that  the  box  rested  on  the  wheel, 
and  when  dragging  the  car  out,  I  noticed  that  the  axle  was  broken 
right  straight  through  on  both  sides,  just  as  clean  a  break  as  I  have 
ever  noticed.  The  car  was  fairly  loaded,  but  still  not  so  heavily  as  it 
certainly  had  been.  It  did  not  give  way  first  at  one  end  and  then 
resultantly  at  the  other,  but  both  wheels  gave  Out  at  the  same  instant. 
The  break  was  just  inside  of  the  wheels. 

Mr.  Bentzien: — Of  course,  most  of  these  wheels  have  seen  a  great 
deal  of  service.  As  to  the  case  in  question,  I  have  not  heard  what  the 
cause  of  the  accident  was.     1  will  look  it  up. 

The  question  was  asked  whether  the  fracture  showed  large  crystals, 
to  which  Mr.  Benzenberg  replied  as  follows: 

I  did  not  stop  to  examine,  but  as  far  as  I  recollect,  the  crystalliza- 
tion was  quite  close  and  even.  It  was  smooth  I  hardly  thought  it  a 
break.     In  both  cases  the  break  was  just  inside  the  wheel. 

Mr.  Scholtka: — Might  it  not  be  caused  by  the  strain  produced  in 
going  around  the  curve  on  the  rigid  track.  Of  course,  on  a  heavily 
loaded  car,  there  wonld  be  a  strain  on  the  two  inside  wheels,  which 
might  cause  such  an  accident. 

Mr.  Benzenberg: — The  car  had  just  about  rounded  the  curve.  If 
break  were  caused  asy  ou  suggest,  it  seems  to  me  that  one  wheel  would 
heve  gone  before  the  other,  while  there  is  no  doubt  that  both  wheels 
came  out  together. 

Mr.  Bentzien: — It  seems  to  me  that  one  wheel  would  go  before  the 
other,  but  I  will  look  up  that  case. 

Mr.  Scholtka: — I  have  made  some  of  the  chills  for  Mr.   Barr,  but 
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Mr.  Barr  could  explain  the  operation  better.  I  know  how  it  is  done, 
but  do  not  understand  what  the  chill  is.  Just  before  he  pours  the  iron, 
he  puts  a  jet  of  steam  into  this  hollow  cast,  and  after  pouring,  which 
is  done  considerably  quicker  than  by  the  old  process,  he  shuts  off  the 
steam  and  puts  in  cold  water,  and  the  chill  follows,  but  it  has  always 
been  a  question  in  my  mind  whether  the  chill  retains  its  true  circle  or 
not,  since  you  first  Heat  it  and  then  cool  it  off,  but  he  also  makes  a 
steel  cast,  and  I  have  seen  wheels  made  by  this  process  which  were 
within  a  thirty-second  of  being  true,  while  we  know  that  a  wheel  cast 
by  the  old  process  will  run  out  at  least  as  much  as  i  inch,  since  the 
shrinkage  on  a  33  inch  wheel  is  considerable. 

Mr.  Benzenberg: — I  suppose  that  the  advantage  of  the  steel  wheel 
is  that  it  is  homogeneous  in  its  make  up. 

Mr.  Goetz: — Yes.  The  manufacture  is  about  as  follows:  (Here 
Mr.  Goetz  gave  a  somewhat  detailed  account  of  the  manufacture  of 
steel  wheels,  with  general  discussion)  Continuing,  he  said:  You  will 
see  that  this  is  a  rather  expensive  manufacture,  and  when  they  did  not 
know  how  to  make  these  wheels,  you  could  wear  out  five  or  six  iron 
wheels  before  you  could  get  one  steel  wheel,  but  now  the  manufact- 
ure of  steel  generally  is  getting  cheaper,  and  we  are  getting  to  the 
point  when  we  will  be  able  to  have  steel  wheels.  When  the  North 
Chicago  Rolling  Mill  Co.,  commenced  to  make  steel  rails,  they  sold 
them  at  $150.  per  ton;  today  they  are  $31.  So  with  tires;  they  sold  all 
the  way  from  20  to  30  cents  originally,  then  they  sold  for  a  long  time 
from  5  to  6  cents  per  lb.,  now  so  many  people  have  started  the  manu- 
facture that  you  can  buy  them  for  less  than  3  cents.  I  admit  that 
steel  wheels  will  have  to  last  twice  as  long  as  iron  wheels  in  order  to 
be  as  cheap,%but  the  matter  of  safety  should  also  be  considered.  In 
Europe  generally,  the  steel  wheel  is  used,  except  in  Austria,  where 
the  chilled  iron  wheel  is  used,  for  the  reason  that  there  they  make  a 
great  deal  of  charcoal  iron. 

The  question  was  raised  what  effect  the  presence  of  silica  in  iron 
would  have  on  the  chilling  of  same,  to  which  Mr  Goetz  replied:  If 
you  get  enough  silica,  you  wont  get  any  chill,  unless  you  add  manga- 
nese, when  you  will  get  a  chill,  but  it  makes  the  iron  brittle.  We  had 
a  large  number  of  pig  iron  samples  that  we  had  chemical  analysis 
made  of  very  closely,  and  then  put  them  in  cases,  and  we  would  take 
samples  of  iron  and  compare  same  with  those  sections  when  we  could 
not  make  an  analysis,  and  in  this  way  we  could  estimate  very  closely 
the  chemical  composition.  We  found  that  after  the  silica  got  to  be 
1$  per  cent.,  the  chill  stopped,  but  could  get  chill  again  by  adding 
manganese,  but  by  this  time  a  mixture  is  obtained  that  cannot  be  used. 

Mr.  Scholtka: — I  understood  that  they  put  in  a  certain  percentage 
of  manganese  to  reduce  the  chill.       I  had  some  trouble  in  getting  the 
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proper  grade  of  softness  in  iron,  and  I  consulted  Mr.  Barr  in  the  mat- 
ter, and  he  said  they  used  a  certain  amount  of  this  manganese  to 
reduce  the  chill. 

Mr.  Goetz: — The  tendency  of  manganese  is  just  to  the  contrary. 
Of  course,  this  is  a  rather  complicated  matter,  as  no  two  pieces  of 
iron  are  exactly  alike,  and  a  great  deal  depends  on  the  amount  of  car- 
bon in  your  iron. 

Mr.  Scholtka: — As  an  experiment,  I  took  two  small  ladles  of  100  lbs, 
each  of  the  same  iron,  and  into  one  of  them  I  put  one-half  lb.  of  man- 
ganese. Otherwise,  I  treated  them  both  in  the  same  way,  poured  both 
ladles  at  the  same  time,  and  tried  to  make  everything  as  uniform  as 
possible.  In  this  case  the  manganese  made  the  metal  softer;  the  cast- 
ing made  without  the  manganese  could  not  be  used. 

Mr.  Goetz  : — That  result  can  only  be  possible  if  manganese  was 
very  low;  the  carbon  did  the  work  in  your  case.  In  the  steel  mill  we 
add  manganese  to  make  the  metal  harder.  If  you  put  in  10  per  cent, 
of  manganese  in  steel,  you  cannot  touch  it  with  anything.  It  acts 
just  like  copper.     Instead  of  hardening  by  putting  in  water,  it  softens. 

The  question  was  asked  whether  manganese  would  not  have  differ- 
ent effect  on  different  irons,  to  which  Mr.  Goetz  replied:  Yes;  and 
another  thing,  if  you  have  sulphur  in  your  iron  and  put  in  manganese, 
as  soon  as  it  combines  with  the  sulphur,  it  rises  to  the  top,  and  the 
manganese  does  not  stay  in  the  iron;  you  better  your  iron  by  taking 
out  the  sulphur.  There  are  being  constructed  at  Chicago  two  tanks, 
each  tank  to  hold  150  tons  of  liquid  pig  iron.  The  object  is  to  get  a 
large  amount  of  uniform  iron.  As  it  comes  from  the  cupola,  every 
minute  you  have  something  different.  Take  20  tons  of  iron  and  melt 
it  and  put  in  same  charge  right  along,  and  you  will  have  different 
results.  Put  in  a  large  charge  and  small  charge,  and  you  will  get 
different  iron.  We  had  a  case  of  a  large  wheel  sometime  ago;  we 
used  three  ladles  and  we  found  that  the  wheel  was  considerably  hard- 
er on  one  side  than  it  was  on  the  other. 
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By  William  E.  McCltntock,  Member  Boston  Society  op  Civil* 
Engineers. 


[Read  February  17,  1892.] 

A  little  over  a  year  ago  the  question  of  highway  engineering  was- 
first  discussed  by  this  society.  Earty  in  1891  it  was  decided  by  the 
Government  to  devote  an  evening  to  the  same  subject  during  the 
present  3^ear. 

When  by  vote  of  the  Government  I  was  requested  to  conduct  the' 
meeting  I  made  up  my  mind  that  we  would  try  and  begin  where  we- 
last  left  off  and  cover  as  little  of  the  ground  as  possible  twice. 

Having  at  the  last  meeting  gone  back  to  the  Roman  roads  as  good 
examples  of  how  long  a  time  well  constructed  roads  will  endure,  I 
thought  that  at  the  present  meeting  we  had  better  keep  to  modern, 
history  and  let  ancient  alone. 

The  theoretical  and  actual  results  are  a  good  example  of  how  the- 
unexpected  will  happen  in  engineering. 

One  of  the  first  questions  that  was  brought  to  me  by  a  superinten- 
dent of  streets,  was  to  decide  what  it  was,  in  the  case  of  some  bits  of 
rock  and  where  it  could  be  found,  and  whether  in  large  quantities. 

Before  I  had  answered  this  little  question  I  found  myself  away 
back  to  the  Huronian  or  only  one  remove  from  the  first  stroke  on  the 
earths'  verv  foundation  and  that  my  researches  extended  all  the  way 
to  the  post  Pliocene  and  Psychozoic. 

I  have  awakened  in  the  middle  of  the  night  only  to  find  mj^self 
trying  to  decide  the  difference  between  a  diorite,  a  delorate  and  a  dio- 
base,  or  between  syenite,  granite  and  diorite. 

In  fact  one  of  the  most  facinating  studies  I  have  ever  attempted 
has  been  this  one  of  trying  to  apply  geology  to  road  building  although 
as  yet  I  have  only  reached  that  stage  where  I  feel  that  I  know  really 
nothing. 

It  is  not  my  intention  to  inflict  any  amateur  geology  on  you,  but  I 
do  think  that  I  can  show  you  that  there  is  a  beautiful  chance  to  get 
aid  from  the  geologist. 

It  is  my  intention  to  speak  generally  of  the  main  kinds  of  rocks  to- 
be  found  in  eastern  Mass.,  with  their  values  as  road  metals  and  some 
few  reasons  for  accepting  or  rejecting  certain  stones. 

It  is  also  my  intention  to  show  by  a  colored  map  where  these  stones 
can  be  found  in  a  general  way  and  in  a  measure  prepare  ourselves  for 
what  is  in  store  for  us  if  we  are  called  to  any  particular  locality  to 
advise  on  materials. 
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In  order  to  make  my  talk  plainer  I  have  a  colored  map  prepared  by- 
Prof.  "Wm.  0.  Crosby  of  the  Mass.  Inst,  of  Technology  and  kindly 
loaned  for  this  occasion,  also  some  25  or  30  specimens  of  rock  from 
the  same  source. 

LIST    OF    ROCKS. 

I  have  prepared  a  list  of  the  rock  specimens  which  I  have,  and  on 
this  list  have  put  the  weight  per  cubic  foot,  as  far  as  possible. 

At  this  point  it  may  be  well  to  call  the  attention  to  the  weight  of 
the  different  rocks,  and  show  how  utterly  worthless  the  specific  grav- 
ity tests  are  for  determining  the  value  of  road  metal.  You  will  note 
that  slate  is  shown  as  175  pounds  to  the  cubic  foot,  or  exactly  half 
way  between  felsite  and  trap.  Pure  mica  has  a  weight  of  183  lbs.  per 
cubic  foot. 

None  of  us  would  for  a  moment  think  of  using-  either  of  these  sub- 
stances as  road  metal.  Mica  schist  which  is  almost  entirely  made  up 
of  mica,  with  a  slight  addition  of  quartz,  would  be  considered  unfit  for 
use,  in  fact  it  would  not  be  worth  quarrying. 

In  the  remarks  which  I  shall  make  on  the  value  of  different  rocks, 
for  road  metal,  I  am  guided  largely  by  my  own  experience,  and  the 
experience  of  others,  as  I  understand  it. 

In  determining  the  value  of  different  rocks  for  road  metals,  while 
we  may  not  expect  to  get  an  exact  value  for  each  material,  yet  I  am 
satisfied  we  can  get  a  comparative  value  which  would  be  of  great 
use.  Undoubtedly  the  best  and  most  accurate  comparative  test 
would  be  obtained  by  dividing  up  a  stretch  of  road  or  street  between 
two  cross  roads  or  streets,  into  as  many  sections  as  we  have  materials 
to  try,  build  a  thoroughly  even  and  solid  foundation,  and  construct 
each  section  under  exactly  the  same  conditions,  with  the  different 
metals.  If  all  of  this  work  should  be  done  at  one  time  and  compacted 
in  the  same  manner,  we  could,  by  a  series  of  cross  sections,  and  care- 
ful account  of  the  number  of  tons  of  metal  needed  to  keep  the  differ- 
ent sections  in  repair  during  a  term  of  years,  ascertain  the  compara- 
tive value  of  each  metal,  as  each  metal  would  have  the  same  amount 
of  travel,  passing  over  it.  While  the  above  method  would  give  us 
a  complete  comparative  test  of  values,  the  values  would  only  apply 
to  the  exact  wear  which  would  be  represented  by  the  tonnage,  and 
the  character  of  the  traffic. 

We  might  build  a  road  of  any  kind  of  metal,  and  with  a  light  travel 
made  up  of  teams  for  the  most  part  with  springs,  get  perfect 
results.  If  now,  we  should  turn  over  this  same  piece  of  road  a  heavy 
dead  axe  travel,  we  might  find  that  disintegration  would  begin  in  a 
very  short  time,  and  it  would  be  impracticable  to  maintain  the  road  in 
a  good  condition.  This  point  should  be  strictly  born  in  mind  in  decid- 
ing a  road  metal. 
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If  we  were  to  build  a  city  street,  or  a  main  highway  connecting-  a 
populous  suburban  district  with  the  city,  we  should  select  the  very 
hardest,  toughest,  fine-grain  metal. 

As  we  work  away  from  the  city  and  the  more  populous  suburbs  it 
becomes  a  question  of  material  and  traffic,  and  we  may  be  guided  by 
the  location  of  our  metal  and  the  cost  of  transportation  to  the  work. 

I  shall  attempt  to  show  by  the  geological  map,  that  with  most 
towns,  in  the  eastern  part  of  the  state  at  least,  a  little  judgment  in 
the  selection  of  a  quarry,  will  give  us  excellent  road  metal,  without 
excessive  cost  of  transportation. 

A  study  of  the  map  shows  us  certain  areas  as  drift,  or  genei'al 
Huronian.  In  these  areas,  we  find  no  ledges,  of  any  account,  although 
there  may  be  good  material,  such  as  is  found,  for  example,  in  Chelsea, 
and  Everett,  a  dyke  of  Diabase,  or  Trap  which  can  be  utilized. 

We  also  find  in  these  districts,  and  the  large  areas  covered  by 
gneiss,  large  quantities  of  field  stone,  which  have  been  deposited  by 
glaciers. 

These  field-stone  furnish  us  with  all  kinds  of  rocks,  from  the  hard- 
est trap  and  amygdaloid  to  the  poorest  and  softest  description  of  mica 
schist.  We  can  get  a  very  fair  road  metal  from  these  field-stone,  if 
we  throw  out  all  schist,  slate  and  sandstone. 

We  must  necessarily  get  different  degrees  of  hardness,  and  unequal 
quality,  in  road  metals,  made  up  of  such  varied  rock:  the  tendency 
of  such  uneven  qualities  being  to  make  uneven  surfaces,  which  must 
be  watched  closely,  in  order  to  prevent  complete  destruction. 

I  will  now  take  up  the  different  rocks  as  I  have  them,  and  give  a 
short  description  of  their  values  as  road  metal,  with  the,  localities  in 
which  they  are  to  be  found  throughout  the  eastern  part  of  the  state. 

Undoubtedly  trap  rock  makes  the  best  road  metal  for  macadamiz- 
ing that  can  be  found.  Its  hard,  compact  structure,  free  from  large 
crystals  makes  it  durable  and  gives  a  good  bond  between  the  different 
stones.  Its  shapes  when  broken  are  also  favorable  to  good  even  wear 
and  firm  bond.  Trap  and  greenstone  are  synonomous  terms,  the  only 
difference  being  the  green  color  which  is  imparted  by  the  presence  of 
chlorite. 

Trap  is  an  eruptive  rock  and  is  found  forming  regular,  wall-like 
dikes.  Its  location  may  be  seen  by  examining  the  map  where  it  is 
colored  green.  Starting  in  Newbury  at  the  Merrimac  river  back  of 
the  drift  we  trace  trap  through  Newbury,  Groveland,  Ipswich,  Box- 
ford,  easterly  part :  Middleton,  Wenham,  Hamilton,  Essex,  a  small 
amount;  Beverly,  westerly  part:  Salem,  Marblehead,  Danvers,  North 
Reading  and  Lynnfield.  There  is  a  break  at  this  line  filled  by  granite 
but  the  trap  shows  again  through  Wakefield,  Stoneham,  Woburn,  Win- 
chester, Arlington,  westerly  part;  Lexington,  easterly  part;  Waltham, 
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Lincoln,  easterly  part;  Belmont  westerly  part;  Weston.  We  also 
find  it  in.  smaller  areas  through  Dedham,  Medfield,  Franklin,  Wren- 
tham,  easterly  part;  Foxboro,  northerly  part;  Sharon,  northerly  part; 
Stoughton,  and  Randolph. 

Felsite.  An  eruptive  rock  with  no  separate  grains  or  particles 
but  not  amorphous  or  glassy.  This  rock  is  for  the  most  part  hard  and 
always  smooth  as  it  must  be  with  no  crystalline  formation. 

I  have  before  me  five  specimens  of  this  rock  and  an  examination 
will  show  that  at  least  four  of  the  five  pieces  will  make  good  road 
metal.  Some  of  these  are  popularly  known  as  porphyry  and  all  of 
them  have  the  porphyritic  texture  or  the  hard  crystals  encased  in  a 
matrix  of  fine-grained  material.  These  rocks  break  into  good  shaped 
cubes  and  should  make  a  good  road  metal. 

Their  location  on  the  map  is  indicated  by  the  purple  color. 

The  areas  are  less  than  with  the  trap  and  the  territory  less  extended. 

Felsite  or  the  part  of  it  we  call  Porphyry  may  be  found  in  almost 
all  of  Lynn,  Saugus,  and  northerly  part  of  Melrose.  The  same  rock 
under  the  name  of  Felsite,  Breccia,  is  found  in  the  southerly  part  of 
Melrose;  Wakefield  about  Greenwood,  Medford,  Needham  plains,  Ded- 
ham, Hyde  Park  and  Braintree. 

In  my  opinion  this  rock  comes  next  to  the  trap  for  road  metal 
although  it  is  not  found  over  so  large  an  area. 

Granite.     I  have  before  me  several  specimens  of  granite. 

The  Cape  Ann,  red  granite  and  Quincy  granite  are  Huronian  gran- 
ite and  are  made  up  of  quartz,  feldspar  and  hornblende.  The  feldspar 
of  the  Cape  Ann  specimen  is  of  a  light  gray  color,  that  of  the  red  speci- 
men is  red  while  that  of  the  Quincy  is  dark  gray.  The  three  are  of 
practically  the  same  value  for  road  metal  and  break  into  fairly  good 
shaped  cubes.  I  do  not  think  they  have  the  same  value  for  road  metal 
as  the  previous  specimens  for  the  reason  that  the  crystals  are  larger, 
and  by  receiving  the  shock  of  heavy  traffic  would  crush  as  the  point 
of  resistance  is  so  small.  As  the  exposed  crystals  crush  new  ones  are 
exposed  which  pass  through  the  same  process. 

While  not  so  durable  as  trap  or  felsite  yet  I  should  not  hesitate  to 
use  these  three  granites  if  the  others  were  not  near  at  hand. 

A  study  of  the  map  shows  that  these  granites  may  be  found  in  the 
following  places: 

Newburyport,  Newbury,  Rowley,  Ipswich,  Topsfield,  Hamilton, 
Wenham,  Essex,  Gloucester,  Rockport,  Manchester,  and  Beverly, 
Marblehead,  Swampscott  and  Lynn,  Danvers,  Lynnfield,  Reading, 
Wakefield,  Saugus,  Medford,  Weston,  Wayland,  Needham,  Sherbourn, 
Dover,  Medfield,  West  Roxbury,  Dedham,  Milton,  Quincy,  Braintree, 
Randolph,  Canton,  Holbrook,  Stoughton,  Brockton,  Easton,  Sharon, 
Foxboroug-h,    Wrentham,   Weymouth,  Abbington,  Hingham,  Cohas- 
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sett,  Scituate,  South  Scituate,  Hanover,  Marshfield,  Pembroke,  Dux- 
bury,  Kingston,  Plympton,  Easterley  point  of  Halifax,  and  a  small 
piece  of  Franklin. 

The  distribution  of  these  granites  through  the  above  towns  seems 
to  be  in  such  a  manner  that  the  ledges  can  be  worked  to  advantage  for 
road  metal  without  too  great  a  haul. 

The  next  specimen  of  granite  is  what  we  shall  callMontalban  gran- 
ite. It  differs  from  the  last  by  having  mica  substituted  for  hornblende 
and  it  is  softer  and  much  lighter  in  color.  I  shall  not  rank  it  among 
the  good  road  metals  and  should  not  use  it  unless  there  was  a  great 
scarcity  of  any  of  the  preceding  rocks.  It  being  soft  the  tendency  is 
to  crush  and  waste  and  repairs  will  have  to  be  almost  constant  with 
any  amount  of  traffic  in  order  to  keep  a  road  in  good  condition.  This 
kind  of  granite  makes  up  the  quarries  on  Rollstone  hill  in  Fitchburg 
and  is  found  also  in  the  following  places:  Pepperell,  Dracot,  Chelms- 
ford, Tyngsboro',  Westford,  Groton,  northern  part  of  Littleton,  Har- 
vard, Bolton,  northwest  corner  of  Berlin,  southeast  corner  of  Clinton, 
Boylston,  Shrewsbury,  Worcester,  Andover  and  North  Andover. 

The  areas  covered  by  this  granite  are  smaller  and  it  seems  to  crop 
up  in  rather  narrow  bands  as  can  be  seen  on  the  map. 

Conglomerate.  The  speciman  I  hold  now  is  well  known  in  this  sec- 
tion under  the  name  of  Roxbury  pudding  stone.  On  the  map  it  is 
shown  as  conglomerate. 

It  is  hard  and  compact  and  makes  a  fairly  good  road  metal. 

Possibly  the  rounded  surfaces  of  the  pebbles  may  tend  to  make  it 
harder  to  compact  in  a  road,  yet  on  the  whole  I  am  of  the  opinion  that 
it  ranks  certainly  next  to  trap  rock  and  Felsite.  The  pebbles  that 
show  are  in  the  present  case  felsite  and  quartzose  while  the  matrix 
seems  to  be  made  up  of  about  every  thing  we  can  mention,  but  of  a 
softer  substance  than  the  pebbles. 

This  rock  can  be  found  only  in  the  near  vicinity  of  Boston  which 
would  seem  to  support  Dr.  Holmes'  theory  of  its  formation  although 
the  geologists  tell  us  it  is  a  beach  formation.  It  is  shown  on  the  map 
in  the  following  places: 

Brighton,  Newtonville,  West  Newton,  Lower  Fails,  Upper  Falls, 
Newton  Centre,  Brookline,  Roxbury,  Dorchester,  Hyde  Park,  Squan- 
tum,  Neponsit,  and  in  a  long  narrow  strip  through  Milton  and  Quincy, 
to  the  Bay.  Also  in  Weymouth  and  Hingham,  and  in  two  small  patch- 
es at  the  lower  end  of  Nantasket  Beach. 

Amygdaloid.  I  now  have  two  specimens  of  volcanic  rock  of  very 
hard  compact  make  up.  There  is  no  doubt  but  what  the  different 
materials  were  thoroughly  mixed  before  cooling  and  I  should  not 
hesitate  in  setting  them  down  as  good  road  metal.  Amygdaloid,  like 
the  conglomerate,  seems  to  confine  itself  to  the  vicinity  of  Boston  and 
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can  be  found  in  smaller  patches  in  the  same  localities  as  the  conglo- 
merate. 

Syenite.  This  piece  of  rock  somewhat  resembles  granite  but  differs 
from  it  in  its  make  up.  Syenite  has  no  quartz.  Some  syenites  have 
hornblende  and  others  have  mica,  the  first  making  hornblendic  and  the 
second  micacious  syenite.     The  specimen  shown  is  hornblendic. 

As  to  syenite  as  a  road  metal  I  cannot  offer  an  opinion  as  I  have 
not  seen  it  used.  I  should  say  that  it  would  bind  in  a  very  satisfactory 
manner.  I  should  judge  that  the  large  crystals  would  tend  to  crush 
under  heavy  loads  although  whether  this  crushing  would  continue  to 
the  final  destruction  of  the  rock  I  can  not  say. 

Syenite  is  found  only  in  the  vicinity  of  Salem  and  Marblehead  at  its 
northerly  point  and  at  the  southerly  point  of  Beverly.  Baker's  Island 
is  of  syenite.  The  question  of  its  value  is  not  of  any  importance  with 
us  as  both  Salem  and  Marblehead  have  great  quantities  of  trap  and 
Beverly  has  granite  as  before  mentioned. 

Sandstone.  I  have  now  three  specimens  of  sandstone.  Two  of 
them  are  quartzite  or  made  of  grains  of  quartz  combined  with  an 
abundant  supply  of  silicious  cement.  They  are  very  hard  and  I  should 
say  brittle.  I  should  say  that  the  one  with  coarser  grain  would  serve 
us  as  road  metal  better  as  there  would  be  a  better  bond  than  with  the 
lighter  colored  and  smooth  one. 

The  third  specimen  is  a  carboniferous  sandstone,  it  seems  softer  than 
the  others.  I  cannot  say  what  its  properties  are  when  used  for  road 
metal.     I  shall  hope  soon  to  ascertain  more  definitely  on  this  rock. 

The  carboniferous  sandstones  cover  a  large  tract  of  country 
through  Hanover,  Abbington,  Pembroke,  Hanson,  Halifax,  the  Bridge- 
waters,  Easton,  Mansfield,  with  a  comparatively  narrow  tongue 
extending  northeasterly,  through  Franklin,  WaJpole,  Dedha  n  and 
Randolph. 

In  a  cold  climate  like  ours,  I  am  of  the  opinion  that  any  sandstone 
will  absorb  a  large  amount  of  water  and  disintegrate  under  the  a  ction 
of  frost. 

This  quality,  together  with  its  inability  to  withstand  any  severe 
shock,  would  certainly  place  sandstones  on  the  doubtful  list. 

Several  of  these  towns  have  either  granite,  amygdaloid  or  ti'ap 
but  others  have  no  ledges  of  any  account,  and  it  may  be  a  question 
with  them  whether  they  break  up  the  sandstone  or  purchase  from 
more  fortunate  neighborhoods  a  better  material.  With  no  very  heavy 
travel  I  think  these  rocks  would  give  fair  satisfaction  and  be  cheaper 
than  a  better  grade  of  rock  moved  any  very  great  distance. 

This  is  one  of  the  districts  that  is  on  debatable  ground  and  of 
which  I  will  speak  later. 

Slate.     I  do  not  hesitate  in  throwing  out  all  kinds  of  slate  from  our 
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list  of  available  road  metals.  I  have  several  specimens  here  which 
you  can  examine.  Wherever  they  have  been  vised  they  crush  up  and 
resolve  themselves  into  a  fine  powder.  Its  stratification  is  such  that 
under  the  shock  of  travel  it  separates  into  thin  layers  when  it  is  easily 
crushed  by  the  traffic  and  becomes  fine  dust  or  the  worst  kind  of  sticky 
mud  which  adheres  to  vehicles  with  great  tenacity. 

The  slates  cover  quite  a  large  territory,  but  fortunately  a  district 
that  is  well  supplied  within  a  reasonable  distance  with  either  granite, 
trap,  f  el  site,  amygdaloid  op  conglomerate.  It  is  found  on  the  map  in 
Maiden,  Everett,  Medford,  Somerville,  Arlington,  Charlestown,  Bos- 
ton proper,  South  Boston,  Cambridg-e,  Belmont,  Watertown,  southerly 
part  of  Waltham,  at  Newton  Corner  in  Auburndale,  and  narrow  streaks 
of  it  through  Newton,  Brookline,  Roxbury,  Quincy,  North  Weymouth, 
and  Hull. 

Gneiss.  I  have  two  specimens  of  gneiss  which  covers  quite  a  large 
area  of  the  state.  I  should  not  use  this  rock  if  I  could  obtain  any  of 
the  others  mentioned  excepting  slate  and  perhaps  sandstone. 

It  is  a  question  in  my  mind  whether  the  sandstone  or  gneiss  are  fit 
to  use.  I  think  that  the  gneiss  is  too  soft  and  will  easily  crush  under 
traffic  and  socn  turn  to  mud  and  dust. 

I  should  prefer  to  take  my  chances  with  a  mixed  field  stone  for  use 
as  road  metal  to  using  gneiss. 

It  is  found  through  the  territory  extending  from  Boxford,  and 
North  Andover  on  the  north  to  the  Rhode  Island  line  on  the  south,  and 
lying  between  Reading,  Way  land,  Franklin,  and  adjoining  towns  on 
the  east,  and  Methuen,  Westford,  Harvard,  Worcester,  and  Webster 
on  the  west,  also  the  country  lying  westerly  of  Fitchburgand  Webster, 
for  the  whole  width  of  the  State,  as  far  as  our  map  shows. 

Classing  gneiss  as  among  the  very  poor  road  metal  we  find  a  large 
piece  of  country  in  a  predicament  when  they  start  off  on  road  building 
with  broken  stone. 

I  have  remaining  four  pieces  of  rock.  Two  of  these  are  Huronian 
limestone  which  is  very  hard  but  only  shows  in  a  comparatively  small 
patch  in  Lynnfield.  It  matters  but  little  whether  it  is  good  or  bad 
as  there  is  plenty  of  good  rock  all  about  it. 

The  specimen  of  Montalban  lime  stone  is  softer  and  like  the  other 
is  of  no  importance  as  it  is  only  found  in  very  small  patches  cropping 
up  through  the  gneiss. 

Mica  Schist.  I  have  now  two  specimens  of  mica  schist  which  is 
utterly  worthless  as  road  metal.  This  rock  covers  quite  a  large  terri- 
tory  starting  at  Amesbury,  Haverhill,  Lawrence,  Lowell,  Harvard, 
Worcester,  and  out  of  the  state  at  Webster,  with  another  arm  start- 
ing at  Townsend  and  extending  through  to  Worcester. 

The  argillate  specimen  is  somewhat  harder  than  the  schists  but 
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not  by  any  means  good  for  road  work.       This  extends  between  the 
schists  from  Worcester  northerly  to  the  New  Hampshire  line. 

A  further  study  of  the  map  shows  us  a  narrow  strip  starting  at 
Burlington  and  extending  through  Lexington,  Lincoln,  "Way land, 
Framingham,  Natick,  Sherborne,  Holhston,  Medfield,  Medway  and 
Franklin  which  is  classed  in  the  general  Huronian  period  or  where  no 
rocks  are  visible.  In  other  words  the  overlying  deposit  is  too  great  to 
see  what  there  may  be  underneath. 

Taking  this  territory  into  consideration  with  the  gneiss,  schist, 
argillate  and  Montalban  granite  we  come  to  realising  the  fact  that 
westerly  of  the  Diorite  or  trap  and  Huronian  granite  we  find  no  really 
good  road  metal  and  but  little  of  any  value  at  all. 

In  our  discussion  of  last  year  we  showed  very  plainly  that  the  cost 
of  breaking  stone  for  road  use  was  the  smallest  item  in  preparing  it 
for  distribution  on  the  roads.  The  quarrying  and  moving  to  and  from 
the  crusher  comes  in  for  a  good  share  of  the  cost  of  final  finished  work. 

It  is  a  fact  which  all  must  admit  that  a  large  quantity  of  rock  can 
be  broken  for  less  per  ton  than  smaller  quantities  as  long  as  we  can 
keep  the  large  plant  at  work  with  no  waits  or  loss  of  time. 

The  cost  of  transportation  by  rail  is  not  excessive  over  distances  of 
many  miles.  "With  the  cost  of  breaking  and  first  handling  to  the 
minimum:  the  saving  of  more  than  one  handling  or  storing  for  more 
than  a  few  hours  or  days  at  most,  and  the  performing  work  under 
competent  direction  would  seem  to  indicate  that  these  districts  badly 
located  for  road  metal  will  have  to  be  supplied  from  large  plants 
placed  at  such  points  as  will  reduce  the  cost  as  above  referred  to. 

The  foundation  course  where  such  a  course  is  needed  can  as  a  rule 
be  taken  frcm  the  native  stock  leaving  the  wearing  course  alone  to  be 
transported  from  a  distance.  This  seems  to  me  the  best  way  out  of 
the  difficulty  and  the  way  that  will  develop  itself  as  occasion  requires. 

The  day  is  fast  passing  when  all  kinds  of  rock  are  to  be  dumped 
into  street  work.  Towns  are  now  and  will  soon  find  even  to  greater 
extent  that  bad  rock  is  a  waste  of  money  and  the  results  are  such  as 
will  kill  all  efforts  towards  getting  this  kind  of  work  continued. 

Brains  must  be  put  in  at  the  start  or  when  the  crusher  is  put  in 
place  or  the  question  of  the  materials  are  to  be  selected. 

The  day  is  also  coming  when  we  shall  not  see  a  crusher  set  up  in  a 
slate  ledge  when  a  trap  dike  makes  up  within  a  few  hundred  feet  of  it. 

The  day  is  coming  when  we  shall  not  have  the  objection  that  gran 
ite  is  selected  because  it  weighs  less  to  the  yard  than  trap. 

What  I  have  said  so  far  is  open  to  discussion  on  certain  points  and 
I  trust  the  disscussion  will  come,  only  don't  expect  me  to  answer  off- 
hand many  questions  on  geology. 

Having  discussed  the  general  location  and  value  of  different  road 
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metais,  found  in  the  eastern  part  of  the  state,  I  will  now  answer  a 
question  that  has  often  been  asked,  and  that  is,  the  weight  of  a  cubic 
yard  of  broken  stone.  We  can  take  the  specific  gravity  and  weight  of 
a  cubic  foot,  and  multiply  by  twenty-seven,  less  the  percentage  of 
voids  and  we  ought  to  get  good  results.  If,  for  example,  we  take 
trap-rock,  and  call  its  weight  per  cubic  foot  180.7  pounds,  we  find  the 
weight  of  a  cubic  yard  to  be  4,879  pounds.  If  we  say  that  the  voids 
are  47  per  cent. ,  we  find  that  a  cubic  yard  of  broken  stone  (trap) 
weighs  twenty-five  hundred  and  eighty-six  (2586)  pounds. 

In  order  to  test  the  matter  thoroughly,  I  have  carefully  measured 
and  weighed  several  hundred  tons  of  trap  rock,  as  it  comes  from  the 
Salem  plant  of  the  Mass.  Broken  Stone  Company,  with  the  following 
results: 

The  stone  as  it  comes  from  the  crusher  passes  by  elevator  into  a 
revolving  screen  separating  into  three  sizes,  with  the  tailings  passing 
from  the  end.  Diameter  of  screen  40  inches:  length  of  screen  10  feet: 
revolutions  19  per  minute. 

The  smallest  screen  has  a  mesh  of  i  inch,  section  3-J  feet  long-. 

The  second  size  has  a  mesh  of  11  inches,  section  3  ft.  long. 

The  third  size  has  a  mesh  of  3  inches,  section  3  ft.  long. 

For  convenience  I  shall  number  the  sizes  1-2-3,  the  finest  being  1. 

No.  1  measure  was  made  by  using  a  bin  of  about  29^  cu.  yds. 
weighing  76,430  lbs.  when  filled,  or  2,605  lbs.  to  the  cu.  yd. 

A  trial  was  made  with  No.  1  by  using  a  zinc  lined  box  holding  prac- 
tically a  cu.  yd.  The  dust  or  No.  1  was  weighed  after  packing  wet 
and  a  second  sample  of  dry  was  weighed. 

Weight  of  No.  1  wet  was  2,480  lbs.  to  cu.  yd. 

Weight  of  No.  1  dry  was  2,690  lbs.  for  cu.  yd. 

This  last  simply  shows  that  the  dry  dust  packs  closer  than  when 
wet  by  about  200  lbs.  to  the  cu.  yd. 

No.  2  measure  was  made  by  using  a  bin  of  89.832  cu.  yds.,  weighing 
217,495  lbs.  when  filled  or  2423.3  lbs.  per  cu.  yard. 

No.  3  trial  was  made  by  measuring  and  weighing  six  cars  and  also 
by  measuring  and  weighing  a  bin  containing  89.655  cu.  yds.,  weighing 
226,130  lbs.  when  filled,  or  2,522  lbs.  to  the  cu.  yard. 

The  six  cars  measured  45.105  cu.  yds.  weighing  114,150  lbs.  or  2,531 
lbs.  to  the  cu.  yard. 

The  tailings  were  all  carried  back  to  the  crusher  and  broken  up. 

To  find  the  proportion  of  the  No  1,  No.  2  and  No  3,  I  measured  18.882 
cu.  yds.  after  breaking  and  find  of 

No.  1 — 13. 24  per  cent. 
No.  2—23.89  per  cent. 
No.     3—62.87  per  cent. 
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The  above  figures  I  find  very  useful  iu  estimating  the  amount  of 
stone  needed  for  any  piece  of  work. 

It  must  be  remembered  however,  that  in  placing  stone  on  a  street 
there  is  considerable  shrinkage  owing  to  heavy  rolling  and  compacting, 
and  this  amounts  at  times  to  from  15  to  20  per  cent. 

What  I  have  said  applies  wholly  to  macadam  roads.  We  shall 
hear  soon  from  what  has  been  done  in  Boston  during  the  past  year  as 
to  paving  with  some  interesting  experiments  on  the  power  of  different 
materials  to  stand  abrasion.  We  shall  also  expect  to  learn  some  facts 
about  macadam  work,  brick  and  asphalt  paving-  and  other  points  that 
are  of  value  and  the  result  of  actual  work. 

RECENT  CONTRIBUTIONS. 

If  any  of  the  members  of  the  Boston  Society  wish  to  know  what 
others  are  saying  and  doing  on  this  subject  of  road  making-,  I  think 
they  will  find  a  great  deal  of  valuable  information  in  the  two  books 
which  I  have  before  me, — "Essays  on  Roads  and  Maintenance  and 
Road  laws,"  and,  'Streets  and  Highways  in  Foreign  Countries."' 

The  first  is  a  series  of  papers  written  for  and  published  by  the  Uni- 
versity of  Pennsylvania. 

These  essays  must  be  of  value,  inasmuch  as  they  give  the  views  of 
different  men  approaching  the  subject  from  different  standpoints  and 
incorporating  the  best  results  of  actual  work,  and  theory  as  they 
understand  it.  These  papers  ought  to  give  the  best  theoretical  road 
and  the  manner  of  construction  and  maintenance. 

The  second  book  is  the  result  of  examinations  made  by  the  differ- 
ent U.  S.  Consuls  in  foreign  lands  and  gives  an  abstract  of  what  other 
nations  are  doing. 

For  example  it  is  interesting  for  us  to  compare  China  with  olir 
own  country. 

It  is  interesting  to  know  that  strictly  speaking  there  are  few  roads 
and  but  little  need  of  them  as  the  work  is  performed  by  Coolies  or 
horses,  most  of  the  freight  transportation  being  on  the  the  backs  of 
Coolies.  The  Chinese  have  yet  to  take  lessons  from  the  old  Roman 
Emperors  in  the  matter  of  building  military  roads  as  most  of  their 
fighting  is  done  by  cavalry  with  no  heavy  ordnance. 

I  think  the  following-  description  from  Ningpo  will  be  of  interest. 

"The  roads  in  the  country  are  mere  paths  being  only  about  four 
feet  wide.  Now  and  then  a  square  stone  about  4  feet  high  and  per- 
haps a  foot  square  is  seen  close  to  the  hig-hway;  the  traveler  weary 
with  his  load,  places  his  back  to  this  stone  and  lets  his  load  down  onto 
the  stone  and  rests  awhile  and  when  he  is  ready  to  renew  his  journey 
he  does  not  have  to  pick  up  his  load  from  the  ground,  but  simply  from 
this  resting  place.  There  is  not  a  wheeled  vehicle  of  any  kind  in  this 
vast  district  of  nearly  40,000  sq.  miles." 
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One  interesting  fact  that  may  be  of  service  in  forming  an  opinion 
as  to  the  reasons  of  the  old  Roman  roads  lasting  is  gleaned  from  the 
report  on  Palestine,  viz: — 

"The  principal  pavements  made  in  Palestine  are  in  the  city  of  Jeru- 
salem, and  it  is  only  within  recent  years  that  they  have  been  con- 
structed with  anything  like  modern  requirements.  The  superior  and 
massive  Roman  pavements,  over  2,000  years  old,  and  still  in  fair 
preservation,  are  not  taken  into  consideration.  They  are  indeed,  hid- 
den from  sight  and  use  many  feet  beneath  the  rubbish  of  the  city." 

The  most  natural  question  right  here  would  be,  where  is  the  street 
cleaning  department?  Or: — if  Roman  roads  will  last  2,000  years  with- 
out cleaning  why  is  it  not  economy  to  leave  our  streets  uncleaned? 

Leaving  comment  aside  I  think  that  there  is  a  great  deal  to  learn 
from  this  report  and  that  it  will  repay  anyone  the  time  required  to 
read  it. 

LEGISLATION. 
A  civil  engineer  should  not  be  a  politician,  at  the  same  time  he 
should  not  neglect  a  plain  duty  because  it  requires  politicians  to  carry 
out  certain  schemes  which  in  his  opinion  are  public  benefits. 

Last  year  the  state  legislature  had  before  them  the  important 
question  of  establishing  a  state  highway  commission  to  consist  of 
three  men  who  should  attend  to  all  main  highways  or  state  highways 
and  build  and  maintain  the  same  in  a  scientific  and  economical  man- 
ner. According  to  this  bill  the  state  was  to  appropriate  $10,000,000 
with  which  to  purchase  breakers,  steam  roller,  etc.,  and  either  build 
or  furnish  the  plant  to  towns  to  build  highways,  allowing  all  towns  a 
certain  rebate  on  account  of  work  done  in  accordance  with  the  plans 
laid  down  by  state  commission. 

While  there  may  have  been  defects  in  the  bill  as  reported  there  is 
no  doubt  in  my  mind  that  the  only  way  to  obtain  continuous  highways 
throughout  the  state  is  by  some  such  law,  or  at  least  by  concerted 
action  with  a  power  to  direct,  at  the  head. 

I  do  not  intend  to  go  over  this  ground,  as  it  involves  the  loss  of 
power  and  energy  on  poor  roads  as  against  good  roads,  and  that  point 
has  been  covered  many  times  before. 

It  would  have  been  impossible  for  the  Roman  Emperors  to  have 
held  their  swa3T  over  such  immease  countries  without  a  thorough  sys- 
tem or  roads  and  it  is  estimated  that  there  were  built  some  20,000 
miles  of  roads,  which  we  should  call  good  at  this  time.  With  the 
neglect  of  maintaining  these  highways  the  Roman  Empire  began  to 
fall;  whether  this  was  one  of  the  causes  or  simply  an  indication  of 
other  causes  is  not  for  me  to  saj'. 

There  is  no  doubt  in  the  mind  of  anyone  present  but  what  most  of 
the  rapid  greatness  of  this  country  is  due  to  railroads. 
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With  so  vast  a  territory  as  we  have  it  would  have  taken  hundreds 
of  years  to  have  reached  our  present  degree  of  prosperity  by  any  other 
means.  The  great  framework  is  up  and  it  now  remains  for  us  to  com- 
plete the  superstructure.  It  remains  for  us  to  fill  in  the  intervening 
spaces  of  the  railroads  with  first  class  highways. 


STREET  WORK  IN  BOSTON,    AS    APPLIED    TO    BRICK    PAVE- 
MENTS, FILLING  JOINTS  OF  GRANITE  PAVEMENTS, 
STREET  WATERING  AND  STREET  CLEANING. 


By  Henry  B.  Wood,  Member  Boston  Society  of  Civil  Engineers. 


[Read  February  17,  1892.] 
brick  pavements. 

Much  has  been  said  of  late  in  praise  of  vitrified  brick  as  material 
for  paving. 

Like  all  new  inventions  statements  in  regard  to  it  seem  to  be 
largely  exaggerated,  both  as  to  the  amount  now  in  use  and  also  as  to 
the  years  of  test  to  which,  it  is  alleged  to  have  been  subjected. 

Believing  that  it  was  worthy  of  trial,  the  City  of  Boston  has,  dur- 
ing the  present  season,  laid  three  streets  in  brick  of  different  makes. 

These  streets  have  a  moderate  degree  of  teaming  thereon,  suffi- 
ciently heavy  to  be  good  subjects  for  a  test. 

Oswego  street  is  laid  with  brick  manufactured  in  Rhode  Island, 
Seneca  street  is  laid  in  Keromite  brick  made  in  Pennsylvania.  Genes- 
see  street  is  also  laid  with  the  same. 

In  addition  to  results  obtained  on  these  three  streets,  it  was  thought 
best  to  inquire  into  the  experience  in  some  of  our  western  cities  where, 
on  account  of  their  location,  in  close  proximity  to  excellent  brick 
yards,  the  use  of  such  a  pavement  would,  more  naturally,  be  resorted 
to  for  the  sake  of  saving  the  freight. 

It  is  found  that  a  brick  pavement  is  smooth,  noiseless  and  easy  to 
clean,  that  from  its  shape  it  can  be  laid  with  narrow  joints  tightly 
filled  with  cement  grout,  thus  making  a  perfectly  tight  surface;  it  re- 
mains to  prove  that  that  surface  is  nottoo  brittle  to  chip,  and  not  too 
soft  to  wear  away  rapidly,  and  not  too  porous  to  absorb  too  large  a 
per  cent,  of  moisture. 

Our  experience,  so  far,  seems  to  show  that  there  is  not  only  a  great 
difference  in  the  quality  of  bricks  from  the  different  manufactories, 
but  there  is  an  enormous  difference  in  the  bricks  made  in  the  same 
yard,  so  that  until  there  can  be  some  guarantee  that  bricks  can  be 
vitrified  to  a  desired  point,  and  uniformly  so,  it  is  useless  to  urge  a 
brick  pavement  for  universal  use. 
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It  would  seem  that  if  the  attention  of  experts  is  directed  to  thi& 
matter  so  as  to  produce  a  brick  that  shall  combine  toughness,  elastic- 
ity, homogeneity,  resistance  to  abrasion,  heat,  water  or  frost,  a  brick 
may  yet  be  produced  which  shall  be  welcomed  as  the  panacea  sought 
for. 

Reference  has  been  made  in  Engineering  Journals,  to  its  use  in 
Holland  and  Belgium  for  over  a.  century,  the  truth  of  the  matter  is, 
that  the  pavements  in  both  these  places  have  been  covered  from  inches 
to  feet  deep  with  street  dirt  and  the  wear,  consequent^,  has  not  come 
on  the  surface  of  the  brick.   ' 

The}'  have  been  used,  however,  in  Staffordshire,  England,  for  up- 
wards of  fifty  years,  and  in  London  for  paving  the  approaches  to 
freight  depots,  where  the  traffic  and  vehicles  are  exceptionally  heavy. 

In  Columbus  the  yards  at  the  freight  depots  and  the  approaches  to 
the  Baltimore  and  Ohio  R.  R. ,  are  paved  with  the  same  material. 

In  Chicago  the  yards  at  the  freight  depots  and  the  approaches  of 
the  Chicago,  Burlington  &  Quincy  R.  R.,  are  laid  in  Galesburg  brick. 

Cleveland  is  said  to  have  had  45  miles,  Philadelphia  26  miles,  largely 
in  out-lying  districts. 

It  is  also  alleged  to  be  in  common  use  in  Wheeling,  Johnstownr 
Alleghany  City,  Omaha.  Indianapolis,  York,  and  Baltimore. 

But  so  far  as  can  be  ascertained,  in  most  of  these  cities,  they  have 
only  begun  to  lay  this  form  of  pavement,  and  that  in  the  way  of 
experiment. 

It  is  learned  upon  close  inquiry  that  Pittsburg  has  only  two  or 
three  streets  paved  with  brick,  one  a  30  foot  roadway,  of  medium 
heavy  traffic,  four  years  laid,  and  found  not  quite  equal  to  the  test. 

Alleghanj"  City  has  found  that  with  heavy  traffic  it  has  to  be  re- 
moved after  six  years  service,  and  recommends  it  only  where  traffic  is- 
light. 

In  Bloomington,  where  the  first  pavement  was  laid  fourteen  or 
fifteen  j-ears  ago,  it  is  claimed  that  the  street  is  now  in  good  condition, 
the  test  here  is  not  considered  a  severe  one,  as  less  than  1000  vehicles 
pass  over  it  dailj-. 

The  cost  has  seemed  to  vary  from  $  1.50  a  square  yard  to  $2.75  a 
yard.  In  Boston,  Seneca  St.  has  cost  §2.75  a  square  yard;  and  if  laid  on 
a  concrete  base  it  would  cost  $3.65.  Oswego  St.  cost  $2.40  a  square 
yard. 

It  is  seen  at  once  that  freight  rates  have  a  good  deal  to  do  in  regu- 
lating the  style  of  pavement  selected  for  a  given  locality. 

Tests  made  of  Ohio  brick  show  that  they  absorb  less  than  3°  0  of 
water  and  of  West  Virginia  brick  a  still  less  amount.  About  the  onljr 
form  of  artificial  tests  applied  are:  1st.  The  absorption  test,  either  by 
volume,  as  found  b\Tthe  absormeter,  or  by  weight,  and  2nd.  the  rattler 
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test  which  consists  of  a  revolving  cylinder  in  which  is  placed  the  brick 
with  one  or  two  hundred  weight  of  foundry  shot  (nuggets  broken  off 
of  castings)  and  the  abrasion  obtained  from  the  loss  of  weight,  after  a 
certain  number  of  hours  of  revolutions. 

The  following  tables  will  show  the  varying  results  of  testing  the 
standard  bricks  now  on  the  market: — 


RESISTANCE  OF  PAVING  BRICK,  STONE  AND  ASPHALT  TO    ABRASION   AND  IMPACT. 
MECHANICAL  TESTS  MADE  WITH  A  FOUNDRY  "RATTLER,"  BOSTON. 


Loss  In 

Per  Cent 

.  of  the 

Original  Weight  During 

Ref. 

No. 

i  1st  Half 

2nd  Half 

3rd  Half 

'    Hour. 

Hour. 

Hour. 

Granite  and  Asphalt. 

1 

0.88      I        0.46             0.37 

2 

3.63              2.57     j        2.42 

: 

Paving   Brick. 

3 

;      1.43              0.96 

0.48 

4 

2.83 

1.15 

0.99 

5 

1.51 

0.71 

0.55 

6 

0.84 

0.30 

0.30 

7 

0.68 

0.49 

0.37 

8 

0.62 

0.49 

0.37 

9 

0.62 

0.56 

0.49 

10 

2  81 

1.76 

1.22 

11 

1.98 

1.86 

1.68 

12 

1.03 

0.54 

0.36 

13 

0.90 

0.41 

0.25 

14 

4.32 

3.66 

4.24 

15 

1.60 

0.97 

0.62 

16 

2.19 

1.83 

1.60 

IT 

1.72 

1.00 

0.55 

18 

1.66 

0.90 

0.67 

Total 

Loss. 

1.71 

8.62 

2.87 

4.97 

2.77 

1.44 

1.54 

1.48 

1.67 

5.79 

5.52 

1.93 

1.56 

12.22 

3.19 

5.62 

3.27 

3.23 

Absorptive  Power,  in  Per  Cents,  of 
the  volume  of  the  Dry  Brick. 


1.5 
2  0 
1.5 
3.0 
6.0 
6.0 

23.3 
10.0 
14.0 


Addenda. 


Absorptive  Power,  in  Per  Cents,  of 
the  Weight  of  the  Dry  Brick. 


0.17 
0.19 

Three  Samples  of  the  Brick  numbered  7,  8,  9,  were  tested  at  the 
Watertowu  Arsenal,  as  to  their  Transverse  Strength,  with  the 
following  results : 

Modulus  of  Rupture,  in  Lbs.  per 
Square  Inch. 


1925 
2072 
1700 
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The  McLagon  Foundry  Co.,  Brick  Machine  Department. 
Record  of  Test  of  Paving  Materials. 


^bi 

0 

g 

io    • 

t« 

^ 

0 

O 

0 

Name. 

o 

S3 

o 

43 

°5 

03  t» 
4*H 

CD 

S-2 

n 
^< 
o 

05 

r* 

A  to 

^  ^ 

rt1"" 

< 

o2 

Mo 

II 

O 

Lbs.  Oz. 

Lbs.  Oz. 

Lbs.  Oz. 

Lbs 

Oz. 

Lbs.  Oz. 

1.    Granite 

4        9% 
4        12 

4 
4 

2 

3 

7^ 
9 

10.2 
11.84 

4 

4 

4 
4 

2 
1 

03. 

2.     Vit.  Brick 

01.49 

3.    Vit.  Brick 

4        12 

4 

0 

12 

15.78 

4 

0 

4.    Vii.  Brick. 

7          1 

6 

0 

1        7 

15.04 

6 

2 

2 

02.08 

5.    Vit.  Clay  Brick, 

7          2 

5 

4 

1      14 

26.31 

5 

8 

4 

04.76 

6.    vit.    Fire    Clay- 

Brick  

6          6 
2          1 

3 

0 

8       2 

45.09 
60.60 

3 
0 

14  V 

5j# 
1# 

09.82 

V.    Sewer  Brick... 

13 

1        4 

11.53 

8.    Sewer 

4          6 

i 

1 

14 

2        8 

57.14 

2 

1 

3 

10. 

Broken  Pig  Iron 

Used  for  Tumbling 

in     Barrels     with 

above    Brick    and 

Stone 

299 

266^ 

32X 

10.87o/o 

Tennessee  Paving  Brick  Co. 
The  Following  is  the  Result  of  Compression  Tests  of  Paving  Brick  Made 

at  Robins,  Tenn. 


Dimensions. 

Total  Crushing. 

Crushing. 

Sample. 

Breadth. 

Length. 

Depth. 

1.88 

Strength  in  Lbs. 

Strength  per  1  Sq.  In. 

No.  1 

1.78 

1.88 

39,090 

11,681  lbs. 

No.  2 

1.86 

1.86 

1.86 

37,300 

10,811    •• 

No.  3 

1.86 

1.82 

1  90 

38,750 

11,445    " 

No.  4 

1.88 

1.88 

1.88 

40,250 

11,387    " 

No.    5 

1.87 

1.90 

1.83 

39,350 

11,075    «' 

No.  6 

1.79 

1.86 

1.86 

38,000 

11,413    " 

Average.  11,303 

Specific  Gravity  2.21. 

Prof.  O.  H.  Landreth,  C.  E.,  A.  J.  L.  Dyer, 

Vanderbilt  University,  Nashville,  Tenn. 
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Paving  Brick. 
Compressed  Surfaces  Faced  With  Plaster-of-Paris. 


Dimensions. 

Section  of 
Area.   Per 
1  Sq..  Inch. 

First 

Crack, 

Lbs. 

Ultimate  Strength . 

Kef. 
Mark. 

Height. 

Compress  Surface. 

Total 
Lbs. 

Lbs.  Per  Sq. 
Inch. 

B 
P 

2.12 
2.05 

3.68 
3.68 

7.48 
7.62 

27.53 
28.04 

91,000 
93,400 

800,000 
800,000 

29,060 
28,530 

Bricks  sustained  the  maximum  power  of  the  testing  machine. 
They  were  bioken  by  numerous  cracks,  but  the  highest  loss  they  were 
capable  of  sustaining  was  not  reached. 

Correct. 

J.  B.  Howard.    W.  S.  Marte, 

Lieut  of  Ordnance  Dep't.  TJ.  S.  A.  Commanding. 


Test  Made  at  the  United  States  Arsenal,  Watertown,  Mass.,  June  5,  1891, 

on  Two  Five-Inch  Blocks  of  Molded  Granite  made  by  Hand  in 

Plaster  Moulds,  and  Two  Standard  Size  Bricks  Made 

on  a  carnell  Brick  Press. 


Dimensions. 

Sectional 

Area.    Cu. 

Inches- 

First 

Crack. 

Lbs. 

Ultimate  Strength. 

Kef. 
No. 

Height. 
Inches. 

Compress    Surface. 
Inches . 

Total 
Lbs. 

333,800 
226,900 
377,000 
501,400 

Lbs.  Per  Cu- 
bic  Inch. 

1  Bl'k. 

2  Bl'k. 

3  Br'k. 

4  Br'k. 

4.79 
5.00 
2.30 

2.28 

5.13               5.17 
5.05                5.07 
4.20                8.28 
4.16                8.28 

1 

26.52 
25.60 
34.78 
34.44 

176,000 
192  000 
118,000 
268,000 

12,590 

8,860 

10,840 

14,560 

Brick  Tests  in  Buffalo. 


Number. 


New  York. 

New  York,  Yellow. 

Freeman. 


Penn. 


Absorption. 

Loss 

in  Rattler. 

19o/o  to  210/0 

1.30/o 

5  to  12 

2.2 

27o/o 

1.8 

16.2 

2.2 

17.5 

3.6 

43.2 

3.6 

23.2 

1.8 

26.7 

2.2 

28.8 

43^  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

From  these  tests  it  would  appear  that  the  Park  brick  stands  at  the- 
head  of  the  list,  followed  closely  by  the  John  Porter  brick. 

The  Syracuse  brick  shows  great  compressive  strength  and  is 
claimed  to  be  a  closer  resemblance  to  the  brick  that  are  used  abroad. 

A  contract  for  paving  two  miles  of  street  was  executed  during  the 
past  season  in  Syracuse,  N.  Y.  The  twc  samples  which  we  had  for 
testing,  however,  showed  wide  extremes,  one  of  them  absorbing  6%, 
and  the  other  23%  of  water,  while  the  loss  by  abrasion  of  the  first  was 
1.56  parts,  and  the  other  12.22  parts. 

The  samples  tested  in  Buffalo  showed  1.3%  absorption  and  a  loss  of 
from  5  to  21%  in  the  rattler. 

Of  course  it  would  be  unsafe  to  pave  a  street  with  bricks  showing 
such  marked  variations. 

A  brick  made  in  Galesburg,  111.,  by  the  Purington  Brick  Company 
is  said  to  have  specially  good  qualities  for  paving*  purposes. 

We  have  had  no  tests  of  this  brick  and  as  it  has  only  been  laid  in 
small  cities  of  light  traffic,  judgment  cannot  be  passed  upon  it. 

A  few  years  wear  around  the  freight  yards  of  the  Chicago,  Burling- 
ton andQuincy  R.  R.  will  show  its  merits  or  defects. 

In  general  we  may  conclude  that  brick  paving  may  take  hig'h  rank 
just  as  soon  as  companies  shall  produce  a  brick  that  shall  combine  all 
the  qualities  l-equired  to  give  life  to  the  pavement,  being  uniform  as 
to  vitrification  and  size,  and  at  a  price  that  shall  keep  it  within  the 
demands  for  paving  streets  of  moderate  cost. 

Chicago  has  invented  a  new  form  of  pavement  called  the  Chicago 
Steel  "Wood  Pavement. 

It  is  made  as  follows:  "The  soil  of  the  street  is  graded  and  thor- 
oughly settled  by  rolling  or  ramming  and  then  covered  evenly  with 
from  two  to  three  inches  of  fine  sand,  steel  plates  of  a  thickness  and 
strength  to  stand  a  tensile  strain  of  50,000  pounds  to  the  square  inch,  is 
laid  from  curb  to  curb  across  the  street  in  ten  foot  lengths,  with  flan- 
ges or  ribs  on  either  side  to  a  height  of  one  and  three-eights  inches, 
suitable  holes  are  provided  for  pinning  the  flanges  together,  and  the 
bottoms  are  perforated  for  drainage." 

This  may  properly  be  called  a  steel  cover  to  the  street. 

For  surfacing,  a  Southern  pine  block  9X4X6  is  laid  by  grooving- 
every  other  block  a  sufficient  height  and  width  to  straddle  a  plate  rib,, 
thus  closing  securely  the  rib  joint  and  holding  the  pins  immovable. 

No  openings  are  left  between  the  seams  to  accumulate  dirt,  swell- 
ings being  provided  for  on  the  sides  by  leaving-  a  narrow  seam  next  to 
the  curb  tilled  with  clay. 

The  advantage  of  this  inter-locking  is  claimed  to  distribute  the 
pressure  over  a  larger  surface,  so  that  it  shall  not  come  on  single 
blocks. 
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It  is  claimed  to  be  the  cheapest  and  the  best,  and  offers  great  ease 
of  traction. 

As  we  are  opposed  to  the  use  of  wood  for  sanitary  reasons,  we 
should  not  be  inclined  to  think  favorably  of  this  form  of  pavement  for  a 
city  like  Boston.  The  inventors  deserve  credit,  however,  for  their  en- 
terprise, and  no  doubt  the  peculiar  advantages  of  their  invention  will 
meet  with  approval  in  cities  where  wooden  pavements  are  used. 

Specifications  for  Granite  Block  Paving,  Gravel  Foundation  With 

Pitch  Joints. 
The  following  method  of  filling  the  joints  has  been  found  successful 
in  the  City  of  Boston  during  the  season  of  1891. 

Each  course  of  blocks  must  be  of  uniform,  width  and  depth,  and  laid 
with  joints  not  more  than  f  in.  in  width.  The  longitudinal  joints 
must  be  broken  by  a  lap  of  at  least  two  inches  and  all  such  joints  shall 
be  close  as  possible. 

After  the  blocks  are  laid  thev  are  covered  with  clean,  fine,  hot,  dry, 
screened  gravel  or  pebbles,  said  gravel  or  pebbles  to  consist  of  such 
pebbles  as  in  screening  gravel  would  pass  through  a  f  in.  mesh  screen, 
and  would  not  pass  through  a  -f  in.  mesh  screen.  What  passes  through 
the  f  in.  screen  can  be  used  in  the  bed.  The  pebbles  when  screened 
must  be  perfectly  dry,  so  that  they  will  screen  clean.  The  pebbles  are 
swept  into  all  the  joints  until  they  become  filled  therewith  to  within 
one  inch  of  the  top;  the  blocks  are  then  to  be  thoroughly  rammed  to  a 
firm  unyielding  bed  with  a  uniform  surface,  to  conform  to  the  grade 
and  crown  of  the  street. 

After  the  blocks  are  thoroughly  rammed,  there  is  then  to  be  poured 
into  the  joints  a  paving-cement,  known  as  and  called  road-pitch,  and 
which  is  obtained  by  the  direct  distillation  of  coal  tar,  and  must  be 
poured  at  the  rate  of  four  gallons  to  the  square  yard  >  f  paving,  and 
at  a  temperature  of  300  degrees  Fahrenheit,  until  the  sand  beneath  and 
the  pebbles  between  the  blocks  will  not  absorb  any  more,  and  the 
joints  are  filled  flush.  Then  the  upper  surface  of  the  paving  to  be 
flushed  all  over  with  the  road  pitch  to  the  depth  of  i  in.,  and  this 
covered  with  a  light  coat  of  dry.  hot  sand,  of  sufficient  quantity  to 
absorb  the  pitch,  and  make  the  top  surface  hard  and  at  the  same  time 
elastic  and  firm.  This  flushing  of  the  surface  is  omitted  in  most 
cases. 

A  great  deal  is  said  throughout  the  West  in  praise  of  a  new  inter- 
stitial filling  which  is  called  Murphy's  Grout  Filling,  now  in  use  in 
Columbus,  Ohio,  for  six  years,  adapted  to  any  kind  of  block  paving, 
stone,  brick  or  wood. 

It  consists  of  a  hard  cement  grout  of  patented  proportions. 

It  is  designed  to  take  the  place  of  coal  tar,  being  40  per  cent,  cheaper 
in  cost,  and  would  do  away  with  the  offensive  odors  arising  •  from,  the 
tar  kettles.      If  it  proves  tenacious  and  not  brittle,  it  may  find  place. 
street  cleaning. 

Much  public  attention  has,  of  late,  been  called  to  the  subject  of 
street  cleaning  in  all  of  our  large  cities. 

It  having  beeufound  to  have  so  large  an  influence  on  the  health 
and  mortality  of  a  community,  a  mere  occasional  attempt  to  clear  up 
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what  street  litter  we  cannot  climb  over  is  not  sufficient*  indeed  the 
pavement  must  now  be  swept  so  clean  that  it  is  passable  at  any  point 
for  the  pedestrian. 

The  cleaner  it  is  swept,  the  more  wear  it  gets  on  ibs  surface. 

The  sweeping  in  itself  digs  into  the  joints  and  wears  the  surface 
considerably.  But  the  public  health  is  worth  more  than  the  paving 
stones.  Modern  hygiene  calls  for  constant  attention  to  the  immediate 
removal  of  all  kinds  of  street  refuse  from  public  highways  and  places, 
before  fermentation  takes  place,  or  disease  laden  gases  or  dust  particles 
emanating  therefrom  can  be  disseminated. 

Cities  all  over  the  country  are  finding  this   to  be   a   most   serious 
problem,  and  are  yearly  increasing  their  facilities  for   handling  their - 
waste  products  to  the  least  discomfiture  of  their  inhabitants. 

Statistics  are  not  wanting  to  prove  that  the  death  rate  -per  1000  is 
perceptibly  diminished  or  increased  according  as  this  subject  receives 
proper  attention  or  is  neglected. 

Boston  has  not  been  behind  her  sister  cities  in  this  regard. 

Having  increased  her  force,  and  directed  her  efforts  continuously  to 
the  matter,  a  change  for  the  better  has  been  welcomed  by  the  whole 
community. 

The  forth-coming  report  of  the  Street  Department  for  the  past  year 
will  show  that  we  have  spent  about  $215,000  for  the  entire  work  of 
street  cleaning,  not  including  the  removal  of  ashes  and  garbage. 

The  City  has  been  divided  into  nine  new  districts  in  which  the 
amount  of  work  is  equalized  as  much  as  possible  by  taking  into  ac- 
count the  square  yards  of  pavement,  and  the  necessity  of  its  frequent 
sweeping. 

We  have  cleaned  7273.24  miles  of  streets  at  an  average  cost  of  $20 
per  mile,  and  have  removed  over  77,000  loads  of  street  dirt.  The  exact 
cost  including  supervision  has  been  $18.49  per  mile,  and  exclusive  of 
supervision  $16.74  per  mile. 

The  entire  force  of  men  employed  has  been  about  300. 

Some  streets  have  been  swept  every  day,  in  sweeping  weather, 
some  three  times  a  week,  and  some  twice  a  week. 

The  assignment  of  work  for  each  day  has  been  so  made,  that  the 
computed  area  covered  per  week  has  figured  up  to  an  even  amount  or 
about  590,000  square  yards  per  week  to  a  district. 

A  good  working  gang  for  a  paved  district  is  as  follows: — 

One  Foreman,  one  Sub-Foreman,  two  sweeping-machine  drivers, 
two  water-cart  drivers,  sixteen  sweepers,  six  teamsters,  six  helpers, 
one  dump  inspector,  allowing  a  trifle  over  one  sweeper  to  a  mile  of 
gutter  stroke. 

Such  a  force  costs  about  $23,000  for  a  full  year. 
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GUTTER    SCRAPING. 

From  the  daily  foremans  returns  for  a  single  week  in  the  spring- 
time, at  the  first  cleaning-  season,  the  following-  data  was  gathered  on 
the  cost  of  gutter  scraping  on  the  average  macadamized  road: — 
DISTRICT  FOUR.      BRIGHTON. 

Cost  per  linear  foot $  0.0124 

Cost  per  1000  linear  feet 12.468 

Cost  per   mile : 65 .  83 

Cost  per  single  load  dirt  removed .4745 

It  this  district  five  double  and  eleven  single  teams  belonging-  to  the 
city  were  estimated  at  $5  and  $2.50  respectively:  the  hired  teams  at 
the  usual  prices  $6  and  $3  per  day  respectively. 

DISTRICT  FIVE.      WEST  ROXBURY. 

Cost  per  linear  foot $  0. 0113 

Cost  per  1000  linear  foot 13.655 

Cost  per  single  load 0.7421 

Cost  per  mile 59 .  66 

DISTRICT  SEVEN.      ROXBURY. 

Cost  per  linear  foot $  0.01365 

Cost  per  1000  linear  feet 13.655 

Cost  per  single  load 0.0686 

Cost  per  mile 72 .  10 

Average  cost  per  mile 65 .  86 

Average  cost  per  single  load  removed .63 

PUSH  CART  PATROL. 

The  introduction  of  the  push  cart  patrol  system  as  an  important 
adjunct  to  the  regular  street  sweeping  force  has  found  approval  in  the 
tidy  appearance  of  our  business  thoroughfares. 

It  is  astonishing  to  note  the  rapid  collection  of  newspapers,  paper 
bags,  sticks,  fruit  skins,  odds  and  ends  of  all  kinds  in  addition  to  the 
regular  street  dirt  that  is  constantly  being  scattered  upon  the  surface 
of  a  street  filled  with  teams  and  people. 

It  is  found  that  even  after  a  street  has  been  once  thoroughly 
swept,  in  less  than  two  hours  time  the  sweeping  off  of  the  sidewalks 
and  the  throwing  away  of  waste  material  into  the  street  will  so  dis- 
figure its  surface,  that  it  would  appear  as  though  the  street  cleaning 
force  had  neglected  it  in  its  daily  rounds. 

The  push  cart  obviates  this  difficulty  as  it  collects  and  removes 
continually  throughout  the  day. 

It  consists  of  a  two  wheel  truck  on  which  is  suspended  an  oak  barrel 
the  iron  frame  work,  including  the  axle,  is  made  of  curved  iron  to  con- 
form to  the  contour  of  the  barrel,  on  this  is  swung  a  wooden  barrel  by 
means  of  a  couple  of  hooks  on  each  side  which  fit  into  rings  on  the 
truck. 
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Each  truck  is  furnished  with  two  barrels,  one  of  which  is  left  stand- 
ing by  the  road  side  for  use  as  soon  as  the  other  barrel  is  filled.  A  patrol 
cart  making  periodical  trips  through  the  district,  empties  these  barrels 
as  fast  as  they  are  filled. 

They  are  only  in  use  in  the  portion  of  the  city  lying  between  the 
northern  and  southern  depots,  and  have  done  good  work  throughout 
the  year.     The  first  cost  of  each  cart  is  twenty-seven  dollars. 

The  Flannigan  odorless  dumping  cart  has  been  found  very  useful 
for  very  wet  material.  It  has  the  advantage  of  other  carts  in  that  its 
lids  and  covers  are  fitted  perfectly  tight,  so  that  it  is  properly  called 
odorless,  it  will  not  leak,  and  when  it  has  arrived  at  the  dump,  its 
driver,  by  a  movement  of  the  lever  arm,  can  alone  instantly  dump 
his  load  and  move  away  without  loss  of  time. 

These  carts  are  made  of  iron  and  are  thoroughly  durable;  their 
capacity  is  50  cubic  feet. 

Other  open  iron  carts  have  been  found  preferable  to  the  old  style 
wooden  carts  with  loose  tail-boards  and  side-boards. 

Too  much  attention  cannot  be  given  to  the  tires  of  all  carts  used 
for  hauling  heavy  loads,  that  their  width  shall  be,  at  least,  three 
inches,  if  we  do  not  wish  to  cut  up  our  fine  macadam  roads  with  nar- 
row tires  made  convex  in  shape,  so  that  the  weight  of  a  given  load  is 
concentrated  on  a  surface  much  less  in  width  than  the  tire  itself. 

STREET  WATERING. 

With  fifty-five  carts  hired  by  the  day  and  six  carts  owned  by  the 
city,  we  have  watered  151.86  miles  at  an  average  cost  of  $332  per  mile. 

This  represents  an  area  of  about  2,000,000  square  yards. 

The  streets  thus  watered  have  been  for  the  most  part  in  the  out- 
lying districts,  and  represent  the  cheapest  ^streets  that  we  have  to 
water. 

Each  cart  in  this  class  covers  from  two  to  four  miles,  and  is  paid 
six  dollars  a  day,  the  city  furnishing  the  water. 

The  rest  of  the  city   has  been  watered  by  contract  requiring  ninety- 
one  carts  and  covering  131  miles,  or  about  2,692,000  square  yards. 

This  work  consisted  of  three  kinds,  1st.,— Work  done  at  the  city's 
expense,  2nd. — Work  done  at  partial  compensation  of  the  city.  3rd. 
Work  done  at  the  expense  of  the  abutters.  As  the  amount  collected 
of  the  abutters  is  not  known  it  would  be  impossible  to  state  the  whole 
cost  of  this  work. 

Work  at  the  city's  expense  has  been  paid  at  the  average  rate 
of  $120  per  month  per  cart  covering  a  route  of  27,000  to  30,000  linear 
feet  daily. 

The  total  expense  of  the  city  has  been  $97,620.09  and  the  total  num- 
ber of  miles  watered  has  been  282.93  miles  for  a  period  of  about  seven 
months. 
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There  seems  to  be  much  diversity  of  opinion  as  to  the  actual  cost 
of  street  watering. 

The  following  general  data  is  given  for  information: — 

Cost  at  Arnold  Arboretum  in  1887,  $789.  per  mile,  exclusive  of 
water.  Cost  at  Franklin  Park  in  1890,  $496  per  mile,  35  feet  roadway. 
Cost  at  Brookline,  $100  per  month  for  9,000  linear  feet,  watered  three 
times  daily  except  Sundays.  Cost  at  Rochester,  N.  Y.,  $781  per  mile. 
Cost  at  Somerville  about  $780  per  mile.  Here  abuttors  contribute 
seven  cents  per  front  foot  of  land  and  the  city  pays  the  rest. 

Cost  at  Salem,  $360  per  mile  for  five  months.  Here  the  abuttors 
are  assessed  about  two  cents  per  running  front,  and  the  city  counts 
that  as  half  the  expense. 

Cost  at  St.  Louis,  from  $336  to  $450  per  mile  eight  months. 

Here  the  watering  is  entirely  under  municipal  control. 

The  water  is  free,  and  the  cost  outside  of  administration  is  assessed 
on  the  abuttors  at  rates  varying  from  three  to  nine  cents  per  front 
foot. 

The  city  is  divided  into  43  sprinkling  districts  averaging  about  ten 
miles  each  and  each  district  is  let  out  by  contract. 

This  division  classifies  the  streets  according  to  width  and  pavement, 
and  a  contractor  can  figure  his  price  from  the  length  or  square  yards 
in  his  sprinkling  district. 

The  cost  in  Boston  may  vary  from  $300  per  mile  to  $1,500,  but  the 
only  correct  way  in  which  to  estimate  the  same  is  to  divide  the  streets 
into  classes  of  certain  defined  widths,  and  so  separate  a  given  district 
in  one,  two,  or  three  spread  streets. 

Knowing  that  a  cart  can  cover  about  5.5  miles  of  single  spread  in 
a  day,  as  soon  as  it  is  decided  how  many  times  per  day  a  given  street 
should  be  watered,  a  proper  estimate  can  be  made. 

There  can  be  no  shadow  of  doubt  but  that  the  dust  is  better  laid  by 
the  use  of  salt  water  instead  of  fresh. 

The  action  of  salt  water  seems  to  be  to  form  a  sort  of  crust  surface, 
hard  and  flat,  which  holds  for  a  long  time. 

A  macadamized  street  thus  watered  will  require  but  half  the  atten- 
tion than  if  sprinkled  with  fresh  water. 

There  is  no  doubt,  however,  as  to  the  feasibility  of  using  salt  water 
on  asphalt  pavement,  as  the  action  of  brine,  urine,  naphtha,  or  any 
substance  acid  or  oilly  in  its  nature  seems  to  eat  into  the  asphalt 
and  cause  it  soon  to  break  away. 

Asphalt  pavement  should  be  thoroughly  cleaned,  flushed  and  squil- 
geed,  then  followed  by  a  very  light  sprinkling  through  the  day,  with 
fresh  water. 

It  would  be  to  the  advantage   of  the   city  to   provide   salt  water 
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tanks  with  the  proper  pumping  apparatus,  so  that  the  salt  water  could 
be  procured  easily  and  at  a  minimum  expense. 

The  style  of  sprinkling  carts  adopted  should  receive  careful  atten- 
tion to  see  that  it  is  provided  with  no  less  than  three  inch  tires,  and  its 
carrying  tank  should  contain  not  less  than  1,000  where  salt  water  is 
used,  nor  less  than  600  gallons  where  fresh  water  is  used. 

Sprinklers  should  be   so  arranged  that    the  spray  of  water«  can 
be  readily  stopped  by  the  driver,  on  either  side,  and  the  width  of  spread 
regulated  at  will,  being  never  less  than  18  feet,  and  the  valves  of  the 
sprinklers  should  be  tight. 
Studebacher  and  Potter  Rotary  are  good  forms. 


REMARKS  ON  WORK  OF  THE   PAVING  DIVISION  OF  BOSTON. 
By  Charles  R.  Cutter,  Member  Boston  Society  of  Civil  Engineers. 


The  total  mileage  of  streets  in  Boston  under  the  care  of  the  Paving 
Division  is  42765/ioo  miles.  The  total  amount  of  road-bed  cared  for  is 
7,865,896  sq.  yds.,  and  of  sidewalk  3,921,965  sq.  yds.,  or  a  total  of 
11,787,861  sq.  yds.,  of  surface  to  maintain.  To  do  this  work  the  Divis- 
ion empJoyed  776  men  on  its  regular  force.  The  city  is  divided  into 
ten  Sections,  each  section  in  charge  of  a  foreman  who  has  the  care  of 
the  streets,  under  the  direction  of  the  Deputy  Superintendent.  He 
has  also  the  charge  of  the  Stables,  Crushing  plants  and  all  other  par- 
aphernalia, that  is  used  in  the  work,  and  must  make  daily  returns  of 
all  the  work  done  and  material  bought. 

All  defects  in  the  public  streets  are  reported  to  the  central  office  by 
the  Police,  and  notices  are  sent  to  the  different  Foremen  for  repairs  on 
the  same. 

Besides  the  building  and  repairing  of  streets,  the  Division  also  has 
the  numbering  of  houses  on  all  public  streets,  the  placing  of  signs 
thereon  and  the  issuing  of  all  permits  for  the  opening  of  streets. 

The  number  of  permits  issued  for  openings  by  this  Division  last 
year  (1891)  was  18,000,  all  of  which  have  to  be  inspected,  and  a  record 
kept  of  them.  The  number  of  notices  of  defects  and  of  those  issued 
for  other  purposes  was  17,000. 

This  Division  owns  eight  crushing  plants  for  the  manufacture  of 
macadam  for  road  purposes,  situated  in  the  outlying  districts.  These 
plants  are  run  the  greater  part  of  the  year,  in  the  winter,  the  stock 
being  piled  up  for  use  in  the  summer.  Stone  is  furnished  to  the  crush- 
ers by  contract  in  the  summer  months,  and  the  city  men  work  the 
ledges  in  the  winter.     This  Division  also  uses  eight  Steam  Rollers. 
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The  horses  and  carts  are  hired  at  the  rate  of  $3.  for  single  carts  and 
$6.  for  double,  per  day. 

The  paving  for  large  amounts  outside  of  patching  is  done  by  con- 
tract. The  new  work  of  this  Division  has  embraced  four  different 
classes  of  pavement,  first  the  granite  block,  which  is  mostly  of  Cape 
Ann  or  Quincy  Granite,  is  laid  under  rigid  specifications,  the  chief  feat- 
ures of  which  are  the  concrete  base  and  the  filling  of  joints  with  hot 
pitch  and  pebbles;  second,  the  Sheet  Asphalt  paving  which  consists  of 
Trinidad  Sheet  Asphalt  and  islaid  under  the  usual  specifications  by  the 
Barber  Asphalt  Paving  Co;  third,  we  have  used  this  year  in  the  way  of 
noiseless  pavement  the  Hastings  Asphalt  block,  and  fourth,  we  have 
also  paved  a  number  of  streets  with  Brick  paving,',  but  as  this  paving 
has  not  been  in  place  a  year,  we  cannot  pass  any  judgment  on  it. 

The  macadam  streets  of  which  we  have  some  203^  miles  covering 
a  roadway  of  3,706,825  sq.  yds.,  vary  all  the  from  the  thin  veneer 
called  American  macadam  to  the  heavy  Telford  base.  The  cost  of  this 
work  is  all  the  way  from  75  cents  to  $2.  a  sq.  yard.  The  first  price  for 
what  is  known  as  the  American  macadam,  where  the  regular  maca- 
dam is  spread  over  the  road  and  rolled  with  a  Steam  Roller,  and  the 
last  price  is  for  the  heavy  Telford  Road.  Our  macadam  roads  are 
built  with  clean  screened  stone,  so  as  to  make  the  wearing  surface 
uniform.  Where  we  use  a  Telford  base,  the  stones  are  placed  upright 
by  hand  with  the  largest  ends  down  and  then  the  tops  are  wedged  and 
sledged  by  heavy  hammers,  making  a  firm  base,  broken  stone  is  then 
spread  over  this  base  and  rolled.  The  surface  of  the  road- way  is  cov- 
ered with  stone  dust,  wet  and  rolled  with  heavy  Rollers,  until  the 
surface  becomes  compact  enough  to  shed  the  water  that  is  placed 
upon  it. 

The  average  crown  used  for  macadam  roads  is  i  inch  to  the  foot, 
this  crown  is  used  for  Streets  that  do  not  exceed  a  rise  of  4  feet  in  a. 
100;  where  the  grade  is  steeper  than  this,  we  increase  the  height  of 
the  cross  section. 

In  building  macadam  roads  the  most  important  thing  to  be  consid- 
ered is,  that  the  bed  of  the  road  shall  be  solid  and  have  good  drainage, 
it  being  impossible  to  make  a  road  stand  unless  there  is  good  drainage 
and  the  surface  of  the  road  must  be  crowned  enough  to  shed  the  water 
into  the  gutters.  In  surfacing  a  road  the  harder  the  surface,  the  less 
crown  is  needed.  The  standard  of  this  Division  for  the  crowning  of 
the  different  kinds  of  streets  is  as  follows: 

Asphalt i  inch  to  the  foot. 

Block  Paving f     "       "     " 

Macadam I     "       "     "        " 

Gravel  Roads  we  crown  as  much  as  possible. 
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This  Division  also  has  charge  of  the  Street  Watering  for  which 
$100,000  was  appropriated.  The  estimated  cost  of  watering  the  entire 
city  is  $250,000  per  year  or  at  an  average  cost  of  $600  per  mile. 

The  clearing  of  snow  from  the  public  streets  and  the  shoveling  of 
snow  from  sidewalks  around  public  grounds  and  buildings  are  also  in 
charge  of  this  Division. 


BOSTON  PARK  ROADS. 


Remarks  by  Edward  W.  Howe,  Member  Boston  Society  of  Civil 

Engineers. 


I  have  been  asked  to  say  something  as  to  the  cost  of  maintenance 
of  the  Boston  park  roads.  The  roads  on  the  Back  Bay,  are  built  on 
filled  land,  the  filling  being  loose  gravel.  They  are  made  with  a  cov- 
ering of  eight  inches  of  broken  stone.  This  broken  stone  is  run  over 
a  two  and  a  half  inch  screen,  below  which  is  a  f  inch  screen  and  below 
the  latter  a  I  inch  screen;  the  tailings  are  put  at  the  bottom  and  the 
finer  material  at  the  top,  the  screenings  being  used  for  the  surface. 
The  roadway  is  forty  feet  wide  including  gutters. 

At  Franklin  Park,  where  there  is  natural  ground  to  work  upon,  and 
the  subsoil  is  clay  or  cla3Te3r  gravel,  we  have  built  a  Telford  road; 
there  are  nine  inches  of  ballast  and  three  inches  of  broken  stone,  screen- 
ings being  used  for  surfacing,  with  a  small  amount  of  clay.  The  walks 
are  of  broken  stone  five  inches  thick. 

The  following  table  gives  the  cost  of  maintenance  of  the  roads  at 
these  two  parks  during  the  }Year  1891. 

The  table  needs  a  little  explanation.  It  shows  the  area  of  the  drives 
aud  walks,  and  the  length  in  miles  at  each  park.  The  cost  of  main- 
tenance is  divided  into  cleaning  the  drives  and  walks,  which  at  Frank- 
lin Park  includes  a  great  deal  of  such  work  as  trimming  the  grass  bor- 
ders, etc.  The  grass  ground  on  either  side  of  the  walks  requires  consid- 
erable labor  to  keep  it  in  shape.  It  is  not  properly  road  maintenance 
perhaps,  but  we  find  it  very  difficult  to  separate  it.  Then  there  is  wa- 
tering of  the  drives.  I  have  separated  the  cost  of  the  water,  for  not- 
withstanding the  city  furnishes  the  water  the  department  has  to  pay 
for  it.  The  cleaning  amounts  to  $536  a  mile  at  the  Back  Bay  and  $781 
at  Franklin  park.  The  difference  is  principally  due  to  keeping  the 
borders  of  the  walks  in  shape.  At  the  Back  Bay  there  is  no  grass 
ground,  except  a  little  which  is  cut  by  lawn  mowers  generally.  The 
walk  at  the  Back  Bay,  which  borders  the  drive  has  not  been  built, 
except  for  a  short  distance.  It  comes  next  to  the  houses  or  the  prop- 
erty line,  and  the  construction  has  been  deferred  until  the  adjoin  ng 
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land  has  been  built  upon:  so  that  we  have  a  comparatively  small  walk 
surface  there  to  maintain  at  present. 

The  watering  is  very  nearly  the  same.  The  drives  at  the  Back  Bay 
are  wider  than  those  at  Franklin  Park,  so  it  should  make  the  cost  per 
mile  for  all  of  those  items  larger  at  the  Back  Bay.  We  found 
that  the  watering  at  the  Back  Bay  was  between  $680  and  $690  a  mile, 
of  which  $162  is  to  pay  for  water,  and  $524  is  for  teaming  and  labor. 
At  Franklin  Park  it  is  in  about  the  same  proportion  when  the  different 
widths  of  the  drives  are  taken  into  account;  $103  for  water  and  $396 
for  teaming  and  labor.  Both  of  these  items  are  also  carried  out  by 
the  square  yard. 

The  repairs  of  drives  and  walks  includes  the  putting  on  of  addition- 
al material,  but  not  cleaning,  and  amounts  to  $352,  a  mile  at  Back  Bay 
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and  $200  at  Franklin  Park,  or  1.4  cents  and  1.1  cents  per  square  yard. 
The  cleaning-  of  catch  basins,  the  removal  of  snow,  the  cost  of  tools 
and  depreciation  of  plant  are  figured  in  here,  making  the  total  cost  on 
the  Back  Bay  $1793  per  mile  or  7  cents  per  square  yard,  and  at  Frank- 
lin Park  $1570  or  8&  cents.  At  Franklin  Park  we  have  a  large  length  of 
walks  as  compared  with  drives.  We  cannot  separate  the  cost  of  the 
maintenance  of  the  walks  from  the  drives.  But  as  to  the  amount  of 
work  done  on  the  walks,  where  the  cleaning  is  small  compared  with 
that  on  the  drives,  and  where  there  is  no  watering,  though  there  are 
some  repairs,  it  did  not  seem  hardly  fair  m  getting  the  cost  per  yard 
or  the  cost  per  mile  to  figure  in  the  whole  area  of  those  walks;  so 
these  costs  per  yard,  etc.,  are  got  by  dividing  the  whole  cost  of  main- 
taining the  walks  and  drives  by  the  area  of  the  drives  and  by  miles  of 
drives.  This  makes  the  statement  not  quite  as  favorable  as  regards 
economy  as  it  should  be.  That  is.  the  maintenance  of  the  roads  does 
not  cost  as  much  as  is  shown  there,  but  I  had  no  way  of  separating  the 
cost:  and  I  have  put  on  a  statement  at  the  bottom  that  if  the  area  of 
the  walks  is  included  the  cost  would  be  5.1  cents  and  5.  6  cents  per 
square  yard. 

Question: — What  was  the  thickness  of  the  Back  Bay  road? 

Mr.  Howe: — Eight  inches. 

Question: — And  twelve  inches  at  Franklin  Park? 

Mr.  Howe: — Yes.  There  is  one  thing  I  would  like  to  speak  of  in 
connection  with  the  Back  Bay  road.  When  we  started  building  that 
form  of  road  it  was  thought  that  as  it  was  on  a  new  filling,  it  would 
be  wise  to  get  along  perhaps  as  economically  as  we  could  and  not 
count  on  getting  a  permanent  road  bed  these,  and  so  we  put  on  a  less 
amount  of  material  than  we  otherwise  would  and  did  not  attempt 
to  build  the  Telford  road.  I  am  inclined  to  think  now  it  would  have 
been  cheaper  if  we  had  built  the  same  kind  of  road  as  we  did  at  the 
other  park,  as  the  method  employed  uses  up  a  large  amount  of  stone 
on  the  loose  filling.  I  think  that  if  we  figured  the  quantity  of  .stone 
used  we  should  find  that  we  used  very  near  a  foot  in  depth  on  that 
loose  gravel,  which  is  very  difficult  to  compact  by  rolling.  The  stone 
works  down  into  the  sand.  I  tried  this  year  using  the  steam  roller, 
and  I  should  like  to  get  some  light  on  the  use  of  the  steam  roller  on 
such  ground.  We  did  not  succeed  at  all.  The  road  would  not  com- 
pact. It  was  too  soft  to  roll  the  road  bed  with  the  steam  roller,  so  we 
rolled  first  with  the  horse  rollers  and  then  put  on  the  stone  and  rolled 
it  with  the  steam  roller.  We  had  to  come  to  the  horse  roller  in  order 
to  get  a  surface;  we  couldn't  do  it  with  the  steam  roller. 

Question:— That  was  on  filled  in  land? 

Mr.  Howe: — Yes. 

QUESTION: — What  is  the  principal  difference? 
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Mr.  Howe: — The  roller  in  going  over  the  road  would  produce  waves 
on  the  surface  and  we  could  not  get  it  solid.  If  there  is  any  way  we 
could  I  should  like  to  know  it.  The  piece  of  road  we  did  that  way 
cost  more  than  we  had  built  there  before. 

Question: — How  heavy  a  roller  did  you  use  there? 

Mr.  Howe: — Fifteen  tons. 

Question: — Did  you  use  any  ring  roller  before  it? 

Mr.  Howe:— Only  on  a  small  part  of  the  l'oad  except  in  the  road 
bed.  We  used  a  horse  roller  on  the  road  bed.  We  put  on  about  six 
inches  of  cracked  stone  and  kept  adding-  it.  I  think  we  got  on  a  foot 
before  we  g-ot  it  rolled. 

Question: — Don't  you  think  that  was  the  reason  of  it,  that  you 
had  too  much  to  compress  at  once,  that  that  is  the  reason  the  steam 
roller  didn't  work  well? 

Mr.  Howe: — Six  inches  isn't  a  great  deal,  is  it? 

Question:—  Well,  on  account  of  the  bed  below  being  softer,  if  you 
had  rolled  with  a  ring  roller  first  wouldn't  that  have  brought  it  down 
to  a  better  surface  for  the  steam  roller  to  strike? 

Mr.  Howe: — We  did  roll  some  of  it  with  the  ring  roller  first  but  it 
didn't  seem  to  make  much  difference. 


OUTLINE   OF  THE   COURSE    OF  INSTRUCTION  IN    HIGHWAY 

ENGINEERING  AT  THE  MASSACHUSETTS  INSTITUTE  OF 

TECHNOLOGY. 


By  Fred  E.  Foss,  A.  M.,  C.  E.,  Instructor. 


[Read  February  17,  1892.] 

The  course  of  instruction  in  Highway  Engineering  as  it  is  now 
being  developed  at  the  Mass.  Institute  of  Technology  consists  of: 

First.  A  course  of  lectures  by  the  instructor,  illustrated  by  a  set 
of  drawings  and  a  collection  of  samples  of  materials  used  in  highway 
construction. 

Second.     Laboratory  tests  of  materials. 

Third.  Lectures  from  time  to  time  by  engineers  who  are  engaged 
in  actual  highway  work. 

The  course  of  lectures  given  by  the  instructor  begins  with  a  brief 
sketch  of  the  history  of  road  building. 

The  advantages  of  good  roads  are  then  discussed  and  the  student 
led  to  see  the  waste  of  power  caused  by  bad  roads. 

Before  considering  the  location  and  construction  of  roads  the  re- 
quisites of  a  good  road  are  discussed  with  reference  to  alignment 
grade,  cross-section,  drainage,  surface  and  cost. 
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The  effects  of  steep  grades,  the  importance  of  thorough  drainage, 
the  advantage  of  a  hard,  smooth  surface,  and  the  necessity  of  consid- 
ering the  cost  as  a  function  of  the  three  items,  cost  of  construction, 
maintenance  and  operating,  are  taken  up  in  order. 

The  location  is  then  considered  in  its  three  parts,  Reconnaissance, 
Preliminary  and  Location  proper.  As  the  students  have  already 
studied  Railroad  Location,  this  part  of  the  subject  is  dealt  with  some- 
what briefly,  the  difference  between  the  problem  in  the  case  of  a  rail- 
road and  a  common  road  being  pointed  out. 

The  construction  is  next  taken  up.  The  different  problems  that 
may  be  presented  to  the  engineer,  in  swampy  ground,  sidehill  work, 
etc. ,  are  discussed  at  some  length  and  the  various  methods  of  hand- 
ling earth  and  rock  are  described.  The  various  forms  of  structures 
are  described  and  illustrated  by  a  set  of  drawings.  As  the  student  at 
a  later  period  has  a  thorough  course  in  bridge  designing  this  subject  is 
passed  over  lightly,  simply  a  description,  illustrated  by  drawings  of 
the  different  types  of  highway  bridges  in  common  use,  being  given. 

The  road  surface  is  then  taken  up,  the  construction  of  the  covering 
when  formed  of  the  different  materials  being  discussed.  Roads  are 
here  divided  with  reference  to  their  covering  into  earth,  broken  stone, 
gravel,  corduroj',  plank,  charcoal  and  shell,  the  subject  of  pavements 
being  taken  up  later  on.  Under  the  subject  of  earth  roads  the  atten- 
tion of  the  student  is  called  to  the  fact  that  great  improvement  can 
be  made  by  a  thorough  system  of  drainage  and  proper  attention  to 
maintenance.  Under  the  subject  of  broken  stone  roads,  the  methods 
of  construction  used  by  Macadam  and  Telford  are  described  together 
with  the  principal  modifications  which  have  been  used,  or  are  in  use 
at  the  present  time.  These  are  fully  illustrated  by  a  set  of  drawings. 
The  different  methods  of  breaking  stone,  by  hand  and  machinery,  are 
considered  and  the  principal  forms  of  stone  breakers  are  described. 
The  different  methods  of  rolling,  by  traffic,  by  horse  rollers  and  steam 
rollers  are  discussed.  The  student  is  made  familiar  with  the  construc- 
tion of  the  different  forms  of  stone  breakers  and  road  rollers  by  a 
series  of  cuts.  The  methods  of  constructing  gravel  roads  both  with 
and  without  the  Telford  foundation  are  described.  The  corduroj', 
plank,  charcoal  and  shell  roads  are  touched  upon  lightly  as  they  are 
of  local  application. 

The  laying  out  of  city  streets  is  next  considered  and  the  advantages 
of  a  combination  of  the  rectangular  and  diagonal  systems  are  shown. 
Maps  of  various  cities  are  used  to  illustrate  the  different  methods  of 
laying  out  city  streets.  A  map  of  the  business  portion  of  Chicago 
shows  the  rectangular  system,  those  of  Washington  and  Indianapolis 
the  diagonal  combined  with  the  rectangular,  and  that  of  Boston  is  a 
good  example  of  the  absence  of  any  system.       Some  attention  is  paid 
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to  the  width  of  streets  and  alleys  and  the  most  convenient  dimensions 
for  blocks  and  lots. 

The  various  materials  used  for  forming'  the  surface  of  streets  are 
then  considered.  They  include  not  only  earth,  broken  stone,  gravel 
and  plank  which  have  already  been  described  under  the  subject  of 
road  coverings,  but  also  cobblestone,  rubblestone,  stone  block,  wood 
block,  brick,  asphalt  and  coal  tar.  The  subject  of  cobblestone  and 
rubblestone  is  lightly  passed  over  as  there  is  very  little  of  this  class 
of  pavement  laid  at  the  present  day  although  there  is  a  large  amount 
of  it  in  existance  in  this  country.  Under  the  head  of  stone  block 
pavement  the  use  of  the  original  nearly  cubical  Belgian  block  is 
referred  to  and  the  objections  to  it  shown.  The  reasons  which  have 
gradually  led  to  the  adoption  of  the  shape  of  block  that  is  now  com- 
monly used  in  this  country  are  discussed  and  the  difference  in  the 
practice  in  this  country  and  England  is  referred  to.  The  advantages 
of  a  solid  foundation  are  dwelt  upon  somewhat  fully.  Under  wood 
block  pavement,  the  various  forms  which  have  been  used  are  described 
and  the  methods  of  construction  now  in  common  use  in  the  western 
cities  of  this  country  and  also  in  European  countries  are  given  their 
full  share  of  attention.  Under  the  subject  of  brick  pavements  the 
various  methods  of  laying-  as  practiced  in  different  cities  are  described. 
The  students  attention  is  then  called  to  the  subject  of  asphalt  and  coal 
tar  pavements  and  the  essential  differences  between  them  are  pointed 
out. 

All  the  various  forms  of  pavements  are  compared  and  the  advan- 
tages and  disadvantages  of  each  under  different  conditions  are  discuss- 
ed. The  entire  subject  of  street  pavements  is  fully  illustrated  by 
drawings.  Specifications  from  many  of  the  leading  cities  are  studied 
and  compared.  Data  are  being  collected,  giving  for  the  chief  cities 
in  this  country  the  amount  of  pavement  of  various  kinds  at  the  pres- 
ent time,  the  amount  laid  during  the  past  year  and  the  cost  per  square 
yard. 

The  subject  of  footpaths  is  next  taken  up  and  the  various  materials 
used,  eai'th,  gravel,  plank,  broken  stone,  brick,  flag-stone,  concrete, 
coal  tar  and  asphalt  are  discussed. 

Curbs  and  gutters  receive  a  fair  amount  of  attention  and  the  vari- 
ous methods  of  construction  are  described. 

The  subject  of  bridge  floors  is  not  neglected,  but  the  attention  of 
the  student  is  called  to  the  various  forms  of  construction  that  ma}' 
be  used. 

The  subject  of  Road  Legislation  is  briefly  discussed,  the  defects  of 
the  road  laws  as  now  in  force  in  most  of  the  states  being  pointed  out 
and  the  efforts  which  are  being  made  to  remedy  them  referred  to. 

The  work  of  instruction  will  be  materially  aided  by  the  collection 
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of  materials  which  is  being  formed,  and  which  will  contain  as  far  as 
possible,  samples  of  the  various  kinds  of  paving  material  in  use  in  dif- 
ferent localities. 

Apparatus  for  testing-  the  comparative  value  of  paving  brick  and 
stone  is  to  be  constructed.  The  properties  which  it  is  proposed  to  test 
are : 

(1)  Resistance  to  abrasion  and  impact. 

(2)  Transverse  strength. 

(3)  Absorption. 

(4)  Crushing  strength  per  square  inch. 

(5)  Specific  gravity. 

The  apparatus  for  testing  the  resistance  to  abrasion  and  impact 
has  not  yet  been  constructed,  but  will  probably  consist  of  an  iron  cy- 
linder, divided  transversely  into  two  compartments,  into  one  of  which 
will  be  placed  the  brick  or  stone  block  to  be  tested,  t  gether  with  a 
certain  weight  of  iron  in  small  pieces,  and  into  the  other  a  block  of 
some  standard  stone,  as  the  Quincy  granite,  of  the  same  dimensions  as 
the  test  specimen  and  the  same  weight  of  iron.  The  cylinder  will 
then  be  revolved  about  its  axis  for  a  certain  length  of  time  and  the 
loss  in  weight  of  the  test  specimen  and  the  standard  specimen  com- 
pared. 

This  cylinder  can  also  be  used  for  ascertaining  the  comparative 
wearing  qualities  of  different  kinds  of  broken  stone.  A  certain  weight 
of  the  stone  to  be  tested  can  be  put  in  one  compartment,  andtthe  same 
weight  of  a  standard  stone  in  the  other,  both  being  broken  as  nearly  as 
possible  to  the  same  gauge.  They  can  then  be  revolved  for  a  certain 
length  of  time  and  the  loss  of  the  two  compared. 

All  the  other  tests  mentioned  can  be  made  with  apparatus  already 
in  the  testing  laboratory  of  the  Institute. 

That  there  is  a  demand  for  this  branch  of  instruction  is  evident 
from  the  fact  that  three  members  of  the  present  graduating  class  have 
chosen  for  their  graduating  theses',  subjects  relating  to  highways. 
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THE  NICARAGUA  CANAL. 


An  Address  by  O.  B.  Gunn,  Member  Engineers  Club  of  Kansas  City. 


[Read  June  13,  1892.] 

The  most  remarkable  achievement,  of  this  remarkable  age,  chang- 
ing the  routes  of  the  commerce  of  the  world,  is  the  construction  of 
the  Suez  Canal.  This  great  canal,  forms  a  passageway  between  the 
Mediterranean  Sea,  and  the  Eed  Sea,  for  the  largest  ships,  and  cuts  the 
Eastern  hemisphere  in  two,  entirely  severing  Africa,  from  Europe  and 
Asia. 

The  western  terminus  is  at  Port  Said,  on  the  Mediterranean  Sea,  and 
the  eastern  terminus,  is  at  the  Port  of  Suez,  at  the  northernmost  end  of 
the  Red  Sea,  not  many  miles,  from  where  it  is  said,  the  waters  parted 
for  the  Israelites  to  pass  over,  and  the  hosts  of  Pharaoh,  following  in 
pursuit,  were  engulfed  and  overwhelmed  by  the  returning  waters. 

This  canal  is  88  miles  long,  was  originally  26  feet  deep,  and  72  feet 
wide  on  the  bottom,  and  about  250  feet  wide  on  the  top.  Its  course 
across  the  Isthmus  of  Suez  is  quite  direct,  and  lies  across  a  sandy  des- 
ert, scarcely  on  an  average,  more  than  ten  feet  above  the  level  of  the 
sea,  although  it  cuts  through  two  small  ridges,  about  50  or  60  feet 
high.  The  excavation  required,  was  almost  exclusively  alluvial, 
although  in  the  two  ridges  referred  to  some  soft  gypsum  rock  was  en- 
countered. It  seems  almost  certain,  that  at  some  very  remote  period, 
what  now  forms  the  low  sandy  plain  of  the  Isthmus,  was  water,  and 
that  Africa  was  a  continent  by  itself,  and  was  only  added  to  Asia  by 
the  action  of  the  sea.  This  great  canal  is  peculiar  in  that  it  is  a  tide- 
water, or  sea  level  canal,  and  has  no  locks,  or  other  essentials  of  the 
ordinary  canal.       It  was  built  under  the   supervision   of  Ferdinand 
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De  Lesseps,  and  brought  him  great  fame  as  an  engineer,  and  great 
profits  as  a  promoter,  projector  and  stockholder;  and  yet,  when  criti- 
cally examined,  it  does  not  seem  to  be  a  work  of  great  engineering- 
features.  It  is  simply  an  immense  ditch,  excavated  out  of  alluvial 
desposits,  where  labor  is  abundant  and  cheap,  with  artificial  harbors 
at  each  end  of  no  great  extent,  and  which  any  American  engineer,  of 
ordinary  ability  would  be  willing  to  undertake.  But  while  this  canal 
connot  be  considered  as  an  extraordinary  engineering  work,  it  has 
worked,  and  is  working,  an  entire  and  complete  revolution  in  the  com- 
merce of  the  Eastern  hemisphere.  By  reason  of  its  construction,  a 
direct  route  is  furnished  between  all  English  and  Mediterranean  ports, 
and  India,  China  and  Japan,  saving  about  5,000  miles  of  distance  over 
the  old  route,  around  the  coast  of  Africa,  and  the  Cape  of  Good  Hope. 

The  canal  has  been  a  great  financial  success.  Its  business  has 
increased  so  rapidly,  that  its  original  dimensions  have  been  enlarged 
in  many  places,  and  its  shares  of  stock  have  increased  in  value  very 
rapidly,  year  by  year.  It  cost  about  $100,000,000,  and  the  market 
value  of  its  stock  now  represents  about  $300,000,000  or  three  times  its 
original  cost. 

The  number  of  vessels  passing  through  it  in  1875  was  1,494.  Its 
earnings  were  $6,020,000.  In  1880  it  passed  2,026  vessels  and  earned 
$8,147,000.  In  1886  it  passed  3,100  vessels  and  earned  $11,546,000,  or 
nearly  double  the  earnings  of  the  first  year.  In  1890  its  earnings  were 
about  $15,000,000  or  15%  on  its  original  cost  or  5%  on  a  capitalization 
of  -t 300, 000,000. 

The  great  success  of  this  canal,  both  financially  and  commercially, 
at  once  made  De  Lesseps  the  most  famous  man  in  Europe,  and  his 
praises  were  sounded  around  the  world.  Lauded  by  his  countrymen, 
decorated  by  his  government,  intoxicated  by  his  great  success;  the 
hero  of  one  continent,  why  should  he  not  cap  the  climax  of  his  fame, 
and  become  the  hero  of  the  world.  He  had  severed  the  eastern  hemi- 
sphere by  cuttiug  a  canal  through  the  Isthmus  of  Suez.  Why  should 
he  not  also  sever  the  Western  Hemisphere  by  cutting  a  canal  through 
the  Isthmus  of  Panama.  This  he  resolved  to  do,  aud  set  about  doing  it 
at  once. 

Commander  Lucien  Bonaparte  Wyse  of  the  French  Navy,  had  al- 
ready secured  a  concession  from  the  State  of  Columbia,  to  build  a 
canal  across  the  Isthmus  of  Panama,  and  De  Lesseps  decided  to  obtain 
control  of  this  concession,  and  to  build  a  sea  level  canal,  upon  a  route 
to  be  selected  under  it.  He  conceived  the  idea  of  an  "International 
Scientific  Congress",  made  up  of  persons  indicated  by  himself.  The 
congress  met  in  Paris,  May  15th,  1879.  It  consisted  of  135  delegates 
of  whom  74  were  French  and  11  were  American.  The  congress  was  in 
session  two   weeks.       Commodore   Ammen    and  Engineer    Menocal, 
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American  Engineers,  who  had  thoroughly  explored,  and  surveyed  the 
isthmus,  presented  maps  and  plans  of  the  Nicaragua  route,  but  they 
were  ignored,  and  the  conference  dominated  by  De  Lesseps,  decided,  that 
the  canal  must  be  a  sea  level  canal,  and  must  be  built  parallel  with,  and 
near  the  Panama  Railroad.  Having  come  to  this  decision,  De  Lesseps 
immediately  set  about  organizing-  his  Canal  Co.  After  meeting  many 
reverses,  and  overcoming  many  obstacles,  he  finally  issued  a  call  for  a 
subscription  for  600,000  shares,  and  his  countrymen  showed  their 
amazing  confidence  in  De  Lesseps  by  subscribing  for  over  1,200,000 
shares,  or  more  than  double  the  amount  called  for. 

The  number  of  subscribers  was  102,230,  of  whom  more  than  16.000 
were  women.  As  soon  as  possible  after  his  immense  success,  a  vast 
plant  and  outfit  was  established  at  Panama.  The  Panama  Railroad 
was  purchased  at  a  fabulous  price,  and  in  due  time  operations  were 
commenced.  No  complete  surveys,  plans  and  estimates  had  ever  been 
made.  The  route  lay  up  the  valley  of  the  Chagres  River,  which  it 
crossed  9  times  before  leaving  it  for  the  great  Emperador  and  Culebra 
cuts.  The  Chagres  River  had  been  known  to  rise  52  feet  in  a  single 
freshet.  This  immense  body  of  water  would,  of  course,  fill  up,  and  de- 
stroy the  canal  in  a  few  hours.  No  plans  were  ever  made  to  deflect 
this  river  away  from  the  canal,  and  to  do  so,  would  require  a  channel 
many  times  larger  than  the  canal  itself. 

To  give  you  some  idea  of  the  magnitude  of  this  colossal  work,  we 
may  compare  it  in  a  measure  to  starting  from  the  Missouri  River,  at 
the  mouth  of  the  Kansas  River,  and  excavating  a  level  canal  to  Paola, 
Kansas,  via  Olathe,  the  canal  to  be  dug  28  feet  below  the  surface  of 
the  Missouri  River  at  low  water,  which  we  will  assume  as  tide  level, 
and  to  be  80  feet  wide  at  the  bottom.  Let  the  Santa  Fe  R.  R.  as  far 
as  Olathe,  and  the  Fort  Scott  &  Memphis  R.  R.  rom  Olathe  to  Paolaf 
represent  Panama  Railroad,  from  Ocean  to  Ocean,  owned  by  the  Pana- 
ma Canal  Company,  and  the  canal  running  parallel  thereto.  Let  the 
Kansas  River  represent  the  Chagres  River,  rising  30  or  40  feet  in  a  sin- 
gle freshet,  and  the  canal  crosses  it  9  times,  before  leaving  it  at  Holli- 
day  for  the  divide.  At  Olathe  and  beyond,  the  cut  would  be  350  feet 
deep  and  1200  feet  wide  at  the  top.  The  amount  of  work  to  be  done 
was  enormous.  The  estimate  for  total  excavation  was  97,630,000  cubic 
yards.  The  amount  of  solid  rock  excavation  was  44,675,000  cubic 
yards.  The  amount  of  excavation  under  water  was  24,747,000  cubic 
yards.  The  amount  of  solid  rock  excavation  under  water  was  8,621, 
000  cubic  yai'ds.  Allowing  25,000  yards  as  the  excavation,  required  to 
build  a  mile  of  average  western  railroad,  and  the  total  estimate  of 
excavation  for  the  Panama  Canal,  would  build  3905  miles  of  railroad. 
The  rock  excavation  would  build  1,784  miles.  The  excavation  under 
water,  would  build  988  miies,  and  the  rock  excavation  under  water, 
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would  build  344  miles  of  railroad.  Great  as  these  early  estimates 
were,  they  were  finally  found  to  be,  only  about  60%  of  what  would 
actually  be  encountered.  Add  to  this  enormous  excavation  an  annual 
rainfall  four  or  five  times  as  great  as  it  is  in  Missouri,  and  a  climate 
so  destructive  to  human  life,  that  there  were  more  men  in  the  hospitals 
than  upon  the  work,  and  you  will  have  some  conception  of  the 
immensity  of  the  work  undertaken.  The  cost  was  originally  estimated 
by  De  Lesseps  at  $220,000,000.  After  spending  $260,000,000  and  resort- 
ing to  every  possible  device  to  raise  more  money,  De  Lesseps  was 
obliged  to  give  up.  The  money  was  squandered  and  gone,  and  not 
one-fourth  the  work  done.  The  French  people  were  furious  in  their 
wrath.  Millions  upon  millions  had  been  drawn  out  of  the  French 
peasants  and  tradespeople.  The  French  government  was  called  upon 
to  complete  the  work,  but  after  having  it  examined  by  expert,  and 
disinterested  engineers,  the  whole  project  was  pronounced  impractica- 
ble and  was  abandoned.  Ten  years  ago  De  Lesseps  was  at  the  zenith 
of  his  fame,  and  the  most  famous  man  in  Europe;  now  he  is  a  ruined 
and  broken-hearted  old  man,  execrated  by  thousands  of  his  country- 
men, who  dumped  the  savings  of  a  lifetime,  into  this  most  impractica- 
ble, and  chimerical  of  all  engineering  undertakings. 

And  now  we  come  to  the  Nicaragua  Canal,  which,  if  De  Lesseps 
had  listened  to  American  Engineers,  and  paid  attention  to  the  maps, 
plans,  profiles  and  estimates  made  by  them,  he  would  have  built  upon 
this  route,  and  received  as  much  fame  and  glory,  as  he  received  from 
the  Suez  Canal.  But  Providence  seems  to  have  reserved  the  construc- 
tion and  ownership,  of  this  great  work,  to  Americans,  and  every  patri- 
otic American,  ought  to  be  glad  that  it  is  so  ordered.  For  more  than 
three  centuries,  the  question  of  a  waterway  across  the  Isthmus  of 
Darien,  lias  at  different  times,  excited  the  interest  of  the  civilized 
world,  and  many  projects  have  been  devised  from  time  to  time,  look- 
ing to  the  solution  of  the  great  problem,  but  it  was  not  until  1826  that 
any  really  definite  plans  were  adopted.  In  that  year,  De  Witt  Clinton, 
Governor  of  New  York,  and  builder  of  the  Erie  Canal,  associated  with 
many  distinguished  men  of  his  time,  secured  a  concession  from  the 
Central  American  Government  for  the  construction  of  a  ship  canal 
across  Nicaragua.  Their  estimates  in  the  light  of  present  information, 
seem  quite  absurd,  as  they  proposed  to  build  the  canal  for  $5,000,000. 
Their  plans,  however,  failed  from  inability  to  raise  the  money.  In 
1838  Lieut.  Bailey,  of  the  British  Navy,  made  maps  and  drawings  for  a 
canal,  and  estimated  its  cost  at  $25,000,000.  In  1846  the  Nicaragua 
Government,  gave  Prince  Louis  Napoleon  Bonaparte,  authority  to  orga- 
nize a  company  in  Europe,  to  construct  an  inter-oceanic  canal,  but  it 
was  abandoned  b\'  him  two  years  later,  when  he  was  elected  President 
of  the  French  Republic.    In  1849,  Commodore  Cornelius  Vanderbi It,  and 
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his  associates,  secured  a  concession  from  the  Nicaragua  Government, 
and  a  survey  was  made  in  1850-51,  by  Col.  O.  W.  Childs,  and  the  United 
States  Topographical  Engineers  decided  the  plan  to  be  feasible.  Col. 
Childs  was  the  first  to  make  complete  surveys,  substantially,  over  the 
route  upon  which  the  canal  will  be  built.  In  1858,  Nicaragua  granted 
concession  to  Felix  Belly,  a  Frenchman,  to  construct  a  canal  upon  the 
route  selected  by  Col.  Childs,  but  he  was  unable  to  secure  the  neces- 
sary funds,  his  concession  lapsed,  and  nothing  came  of  it. 

In  1872  President  Grant  appointed  a  commission  of  government 
engineers,  and  naval  officers,  to  examine  into,  and  report  upon  inter- 
oceanic  ship  canal  communication.  Eight  routes  were  examined,  and 
the  Nicaragua  route,  it  was  declared,  "possesses  both  for  construction 
and  maintenance  of  a  canal,  greater  advantages,  and  offers  fewer  dif- 
ficulties from  engineering,  commercial  and  economic  points  of  view 
than  any  of  the  other  routes,  shown  to  be  practicable."  On  the  basis  of 
this  report,  General  Grant  and  associates,  secured  a  concession  from 
the  Republic  of  Nicaragua,'  for  the  construction  of  a  canal,  and  in  1881, 
a  bill  was  introduced  in  the  United  States  Senate,  granting  aid  of  the 
United  States,  to  the  construction  of  the  Canal,  but  it  met  with  great 
opposition  from  Capt.  Eads,  who  was  working  up  his  Tehuantepec 
Ship  Railroad,  and  by  De  Lesseps'  friends,  who  had  the  Panama  Ship 
Canal,  well  in  hand,  and  through  this  opposition  the  bill  was  postponed 
from  time  to  time.  The  failure  of  Grant  &  Ward  finally  caused  the 
whole  scheme  to  collapse.  In  December  1884,  President  Arthur, 
announced  that  a  treaty  had  been  made  with  Nicaragua,  giving-  the 
right  to  the  United  States  to  build  a  canal  across  the  Isthmus,  within 
the  territory  of  that  Republic,  following  ths  most  available  route, 
from  ocean  to  ocean.  The  treaty  was  before  the  senate  for  adoption, 
January  29,  1886.  It  received  32  yeas  to  23  nays,  and  failed  of  adop- 
tion under  the  two-thirds  rule.  On  the  fourth  of  March  following, 
Cleveland  beccame  President,  and  soon,  thereafter,  withdrew  the  treaty 
from  the  senate. 

During  all  these  years,  and  so  many  disappointments,  the  project 
was  constantly  growing  in  the  minds  of  men,  and  especially  among 
Americans.  More  complete  surveys  and  estimates,  had  been  made, 
from  time  to  time,  and  it  was  more  clearly  developed,  from  year  to 
year,  that  the  Nicaragua  Route  was  the  only  route  for  this  great 
canal.  The  Creator  seems  at  first  to  have  designed  to  cut  the  conti- 
nent in  two  at  this  place,  and  afterwards,  decided  to  leave  a  place  for 
the  ingenuity  of  man,  to  exercise  itself.  At  last  the  time  came,  and 
the  men  to  do  it.  In  April  1887,  A.  G.  Menocal,  a  distinguished  civil 
engineer,  who  had  been  a  prominent  figure  in  former  negotiations, 
obtained  a  new  concession,  from  Nicaragua,  for  an  asssociation  of 
prominent  capitalists  of  New  York,  and  in  February  1888,   Congress 
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passed  a  bill  for  the  incorporation  of  the  Maritime  Canal  Company,  of 
Nicaragua,  and  here  was  the  beginning  of  the  end,  for  this  is  the  cor- 
poration that  will  build  the  greatest  canal  in  the  world,  and  change 
the  lines  of  commerce  of  tne  western  hemisphere,  and  it  has  already 
the  work  well  started,  having  spent  more  than  $3,000,000  in  construc- 
tion, and  works  connected  therewith.  Hon.  Warner  Miller  was  elected 
President  of  the  Construction  Company, March  5th,  1890,  and  the  work 
is  now  being  prosecuted  under  his  management. 

In  January  1891,  a  bill  was  introduced  in  the  United  States  Senate, 
by  Senator  Sherman,  empowering  the  United  States  to  guarantee  the 
principal  and  interest  on  $100,000,000  3%  Canal  Company  bonds,  for 
construction  purposes;  the  president,  to  be  empowered  to  name  six 
directors,  and  $70,000,000  of  the  capital  stock  of  the  company  to  be 
pledged  as  security  for  the  repayment  to  the  United  States,  of  any 
monies  advanced,  the  Secretary  of  State  to  vote  the  stock  at  his  discre- 
tion, and  an  option  reserved  to  the  United  States,  to  purchase  the  same, 
at  any  time  before  maturity  of  the  bonds. 

This  is  a  measure  of  great  public  policy,  and  ought  to  pass  both 
houses  of  Congress  unanimously.  That  this  canal  will  now  be  built  is 
no  longer  a  question  of  doubt.  That  it  should  be  built,  and  owned  by 
Americans  is  true.  That  the  Government  should  aid  this  colossal  work, 
and  thereby  secure  and  maintain  the  control  of  it,  is  bejTond  question. 
That  it  will  pay  investors  well,  on  their  investment  is  certain.  Its 
cost  at  the  very  utmost,  including  interest  during  construction,  and 
all  contingencies,  will  not  exceed  $100,000,000,  or  just  about  the  cost 
of  the  Suez  Canal,  which  is  now  earning  5%  on  300  millions  of  dollars, 
and  the  earnings  are  rapidly  increasing  year  by  year.  It  is,  perhaps, 
a  fortunate  thing,  that  the  Nicaragua  Canal  was  not  built  50  years  ago, 
or  even  25  jTears  ago.  If  it  had  been,  it  would  not  have  been  built  on 
the  grand  scale  as  now  planned;  it  would  have  been  built  too  narrow, 
and  too  shallow.  Steamships,  like  railroad  locomotives,  have  increas- 
ed immensely  in  numbers,  size  and  power,  within  the  last  few  years, 
and  this  canal  will  now  be  wide  enough,  and  deep  enough,  and  with 
locks  of  sufficient  capacity,  to  pass  the  largest  vessels  now  afloat,  or 
that  ever  will  be  likely  to  be  constructed. 

We  will  now  consider  the  details  of  the  location  and  construction. 
The  canal  will  have  its  Atlantic  terminus  near  the  old  town  of  San 
Juan  del  Norte,  called  by  the  English,  Greytown.  Here  was  once  a 
fine  harbor,  but  in  late  years  it  has  become  filled  up  with  drifting  sand 
from  San  Juan  River.  The  Canal  Company  has  established  a  new 
town  called  America,  two  miles  from  Greytown,  at  the  canal  terminus, 
which  is  and  will  be,  the  headquarters  of  the  Company.  From  this 
point  the  route  extends  across  low,  and  in  places,  partially  submerged 
alluvial  bottom   land  9i   miles  to  the  first  lock,  which  is  at  the  foot 
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hills  of  the  eastern  divide.  This  part  of  the  canal  will  be  excavated1 
with  immense  dredges.  It  will  be  120  feet  wide  at  the  bottom,  288  feet- 
wide  at  the  surface  of  the  water  and  28  feet  deep.  It  will  be  at  sea- 
level.  This  will  form  part  of  the  harbor,  and  is  wide  enough,  and  deep 
enough,  to  allow  a  continuous  line  of  the  largest  ships,  to  lie  at  an- 
chor, and  ample  space  for  other  ships  to  pass.  This  is  a  remarkably 
wise  provision,  and  shows  that  the  engineers  have  thoroughly  studied 
the  situation.  At  the  west  end  of  this  9^  mile  stretch  is  located  lock 
No.  1,  with  a  lift  of  31  feet.  This  lock,  like  all  others,  is  650  feet  long 
by  80  feet  in  width;  large  enough  to  pass  any  vessel  now  afloat  or  to 
pass  two  vessels  at  a  time  of  2,050  tons  each. 

One  and  one-fourth  miles  beyond  lock  No.  1  is  located  lock  No  2. 
The  distance  between  locks  No.  1  and  No.  2  is  partly  in  excavation,  and 
partly  in  a  basin  formed,  by  damming  a  small  stream  called  the  Dese- 
ado.  Lock  No.  2  has  a  lift  of  30  feet,  and  the  surface  will  be  61  feet 
above  the  sea.  About  two  miles  further  along,  is  located  lock  No.  3, 
with  a  lift  of  45  feet.  Here  the  Deseado  is  dammed,  forming  a  basin, 
or  artificial  lake,  about  three  miles  long,  and  from  30  to  70  feet  deep. 
The  surface  of  lock  No.  3,  is  106  feet  above  the  sea.  About  three  miles 
from  lock  No.  3  is  the  great  divide  cut.  This  great  cut  is  2.9  miles 
long,  and  averages  141  feet  deep  to  the  bottom  of  the  canal,  and  con- 
tains 3,000,000  yards  of  earth  and  7,000,000  yards  of  solid  rock.  This  is 
fortunate,  as  it  gives  slopes  that  will  not  wash,  or  slip  and  slide,  and  it 
furnishes  abundance  of  rock  to  build  locks,  dams,  revetments  and 
dikes,  for  improvement  and  protection  of  the  harbors,  at  each  end. 
From  the  divide  cut  to  Ochoa  Dam  is  13i  miles.  Through  wise  loca- 
tion, and  skillful  engineering,  this  portion  of  the  canal  will  mostly  be 
formed  of  immense  artficial  basins,  and  lakes,  many  times  the  necessarj- 
width  of  the  canal.  Only  1£  miles  of  this  distance  is  wholly  in  exca- 
vation. At  Ochoa  the  canal  will  run  into  the  Valley  of  the  San  Juan 
River,  and  here  a  great  piece  of  engineering  will  be  done.  Here  will 
be  constructed  the  great  Ochoa  Dam,  across  the  San  Juan  River,  which 
at  low  water  discharges  11,000  cubic  feet  of  water  per  second.  This 
dam  will  be  1,250  feet  long,  62  feet  high,  and  will  give  slack  water 
navigation  64  miles  to  Lake  Nicaragua.  It  is  intended  to  raise  the  en- 
tire surface  of  the  lake,  which  has  an  area  of  2,600  square  miles,  about 
5  feet.  The  object  of  this  is  to  save  a  large  amount  of  dredging,  at  the 
head  of  the  river,  and  at  shoal  places  in  the  lake.  From  San  Carlos  at 
the  head  of  the  San  Juan  River,  to  where  the  canal  leaves  it  for  the 
Pacific  Ocean,  is  56|  miles.  Of  the  17  miles  from  the  lake  to  the  Pa- 
cific, Hi  miles  will  be  excavated,  and  5|  miles  in  an  artificial  lake 
called  the  Tola  basin. 

Descending  from  the  lake  to  the  Pacific,  locks  No.  4  and  No.  5  are 
near  together,  and  have  each  a  fall  of  42i  feet.      11  miles  further  west 
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is  the  last  lock  No.  6,  which  takes  us  down  to  the  level  of  the  Pacific 
Ocean,  with  a  fall  of  21  to  29  feet,  according  to  the  tide.  From  lock 
No.  6,  to  Brito  Harbor,  is  1J  miles,  and  this  part  of  the  canal  is  120  feet 
wide  at  the  bottom,  the  same  as  at  Greytown,  and  is  a  practical  inland 
extension  of  Brito  Harbor.  This  harbor,  like  that  at  Greytown,  is  to 
be  protected  by  heavy  dikes,  reaching  far  out  into  the  sea,  and  such 
dredging  done,  as  will  make  it  safe  and  secure,  and  of  ample  capacity 
for  all  purposes.  To  sum  up,  the  total  length  of  the  canal,  from 
Greytown  to  Brito  harbor  will  be  169^  miles,  of  which  only  26f  miles 
is  in  excavation,  and  142f  will  be  free  navigation,  in  lakes,  rivers  and 
basins.  The  summit  level  will  be  the  surface  of  the  lake  Nicaragua, 
only  110  feet  above  the  sea.  The  canaland  harbors  will  be  lighted 
with  electricity,  and  be  operated  night  and  day.  The  cost  is  estimated 
by  Chief  Engineer  Menocal  at  $65,084,176.  This  estimate,  with  maps, 
plans  and  profiles,  was  submitted  to  a  board  of  5  distinguished  Ameri- 
can engineers.  They  raised  the  estimate  to  $87,799,570.  On  this  lat- 
ter basis,  there  is  no  doubt  that  $100,000,000  will  be  ample  to  construct 
this  great  work,  including  interest,  and  all  possible  contingencies  dur- 
ing construction. 

I  have  studied  the  maps,  plans  and  estimates  quite  carefully,  and  I 
find  little  to  criticise.  I  have  no  doubt  that  with  good  management, 
such  as  is  usually  given  to  works  under  American  engineers,  that  the 
cost  will  fall  considerably  under  the  estimates  of  the  board  of  engin- 
eers. In  one  thing,  however,  if  carried  out  as  planned,  I  think  a  seri- 
ous mistake  will  be  made,  and  that  is  in  the  lift  of  the  locks.  I  believe, 
that  instead  of  the  three  locks  on  the  Atlantic,  and  three  locks  on  the 
Pacific  side,  with  a  lift  of  41|  feet  each  in  two  of  them  and  45  in  anoth- 
er, that  it  would  be  much  safer,  and  increase  the  capacity  of  the  canal 
very  materially,  to  build  the  locks  with  a  lift  in  no  case  over  25  feet. 
The  pressure  of  a  45  foot  column  of  water,  upon  the  gates  of  such  a 
lock,  would  be  enormous,  and  when  the  discharge  gates  are  open,  the 
rush  of  a  great  and  long  continued  volume  of  water,  starting  with  a 
head  of  45  feet,  wTould  have  very  destructive  tendencies,  and  if,  after 
weeks  or  months  under  this  great  strain,  some  part  of  the  lock  should 
give  way,  it  would  require  much  time  to  make  repairs.  Four  locks  of 
21  feet  lift,  and  one  of  22  feet  would  make  the  rise  from  the  Atlantic 
to  the  level  of  the  Lake,  and  five  locks  of  22  feet  lift  each,  would  make 
the  rise  from  the  Pacific,  to  the  level  of  the  lake.  Added  to  the  great- 
er safety  of  the  locks,  would  be  the  increased  capacity  of  the  canal. 
Chief  Engineer  Menocal  estimates  that  a  single  average  lockage, 
through  his  locks,  will  take  45  minutes,  or  32  lockages  in  24  hours. 
The  great  lock  at  Sault  St.  Marie,  with  a  lift  of  18  feet,  is  filled  in  11 
minutes,  and  emptied  in  eight  minutes:  the  lockage  requiring  19  min- 
utes.      A  22  foot  lock  then  would  require  23  minutes  for  a  lockage, 
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adding  five  minutes  for  a  vessel  to  pass  in,  or  out,  as  the  case  may  be 
would  make  28  minutes.  Mr.  Menocal's  locks  average  36  feet  lift,  and 
he  gives  45  minutes  as  an  average  lockage;  but  his  highest  lock  has  a 
lift  of  45  feet,  and  it  will  doubtless  take  an  hour,  for  a  single  lockage 
through  this  lock,  and  therefore,  instead  of  passing  32  vessels,  in  24 
hours,  it  will  pass  only  24  vessels  in  that  time.  As  a  chain  is  no 
stronger  than  its  weakest  link,  so  the  capacity  of  this  canal,  is  no 
greater  than  the  number  of  vessels  that  can  be  passed  through  its 
greatest  lock  in  a  given  time.  This  will  reduce  the  vessels  possible 
to  pass  per  year,  from  11,680,  as  estimated  by  the  chief  engineer  to 
8,760  or  only  £  as  many  as  estimated.  It  will  also  reduce  the  possible 
tonnag'e  per  annum  as  estimated,  from  20,000,000  tons  to  15,000,000 
tons.  Then,  if  it  takes  one  hour  to  lock  through  a  45  foot  lock,  to 
lock  through  a  22  foot  lock,  as  has  been  shown,  would  not  exceed  30 
minutes,  and  instead  of  locking  24  vessels  in  24  hours,  the  capacity 
would  be  48  vessels  in  the  same  time,  and  the  capacity  of  the  canal 
would  thereby  be  doubled.  When  we  consider  the  much  greater 
security  against  damage,  of  the  low  lift  lock,  over  the  high  lift  lock, 
and  the  much  less  danger  of  getting  out  of  repair,  and  the  much 
greater  facility  of  repairs,  in  case  of  damage,  together  with  the  double 
capacit}7  of  the  low  lift  locks,  I  confess  to  much  surprise  at  the  adop- 
tion of  locks  with  such  extreme  lift.  The  capacity  of  the  canal  is,  of 
course,  determined  by  the  time  it  takes  to  pass  a  vessel  through  its 
highest  lock. 

The  time  estimated  to  pass  a  vessel  from,  the  Atlantic,  to  the  Paci- 
fic, through  this  canal  is  28  hours.  The  surface  of  the  lake  is  only  110 
feet  above  the  ocean,  or  about  as  high  as  Fifth  St.  at  Broadway,  in 
Kansas  city,  is  above  the  Missouri  River.  The  lake  covers  an  area  of 
about  2,600  square  miles,  and  is  fed  by  a  drainage  area  or  water-shed 
of  about  8,000  square  miles.  The  lake  has  so  great  a  surface,  and 
forms  such  an  immense  basin,  equal  to  65  miles  long  by  40  miles  wide, 
that  the  greatest  freshet  never  raises  the  surface  of  the  water,  more 
than  two  feet,  so  that  there  never  is,  or  can  be,  any  freshet,  in  the  San 
Juan  River,  which  is,  the  only  outlet  from  the  lake  to  the  sea. 

The  great  lake  lying  at  the  summit  of  the  canal,  discharging  when 
at  its  lowest  ebb,  more  than  ten  times  the  amount  of  water  necessary  to 
feed  the  locks,  both  on  the  Atlantic,  and  Pacific  slopes,  when  worked 
to  their  maximum  capacity,  is  one  of  the  most  remarkable  features, 
of  this  wonderful  Nicaragua  Canal  route,  and  it  seems  marvelous, 
that  De  Lesseps,  should  have  made  the  fatal  blunder,  of  ignoring  this, 
the  only  practicable  route  for  a  ship  canal  across  the  isthmus,  and 
made  his  point  of  attack  at  Panama,  where  disaster  and  failure  were 
certain. 

The   climate  is  declared  to  be  very  healthy,  and  quite  unlike  the 
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climate  at  Panama.  As  an  evidence  of  this,  the  Company's  records- 
show,  that  during  the  year  1890,  there  were  in  the  Company's  hospi- 
tals 1,669  patients.  Of  these,  there  were  only  23  deaths,  and  only  12, 
deaths  from  climate  diseases,  certainly  a  remarkable  record. 

The  rain  fall  is  something  enormous,  and  almost  beyond  belief  of  a 
person  accustomed  to  a  rain  fall  of  35  to  40  inches  per  annum.  The 
rainfall  at  Greytown  for  the  year  1889,  was  297  inches,  equal  to  24' 
9",  an  average  of  over  2  feet  per  month,  and  eighty -two  one-hundredths- 
of  an  inch  per  day,  the  year  round.  We  almost  wonder  how  any  work 
at  all  can  be  done  in  such  a  wet  climate,  but  in  the  various  reports  I 
find  no  mention  of  any  g-reat  inconvenience  from  such  a  tremendous 
rainfall. 

This  canal  when  complete,  will  become  the  great  artery  of  com- 
merce between  London  and  Liverpool,  and  all  our  Atlantic  ports  on 
the  east,  and  California,  the  west  coast  of  South  America,  China  and 
Japan  on  the  west. 

The  canal  will  be  on  almost  an  air  line,  between  New  York  and  the 
west  coast  of  South  America,  and  New  York  will  be  actually  about 
650  miles  nearer  Valparaiso,  in  Peru,  and  all  other  ports  of  Western 
South  America,  than  San  Francisco  now  is.  When  we  consider  that 
the  shortest  distance  by  water  between  New  York  and  San  Francisco, 
is  now  15,100,  miles  and  that  the  canal  will  shorten  it  to  5,640  miles, 
making  a  saving  in  every  through  trip  of  9,460,  miles  or  nearly  f  of  the 
whole  distance,  we  can  appreciate  the  immense  advantage  which  the 
canal  route  will  possess.  A  vessel  steaming  at  the  rate  of  350  miles 
per  day,  now  requires  46  days,  to  run  from  New  York  to  San  Francisco, 
including  three  days  for  coaling  three  times.  Via  the  Nicaragua  canal, 
it  will  require  only  18  days,  including  one  day  for  passage  through  the 
canal,  and  one  day  for  coaling,  a  clear  saving  of  28  days.  This  g-reat 
saving-  in  time  and  distance  will  apply  equally  to  all  North  American 
ports,  between  the  Atlantic  and  Pacific,  and  will  attract  a  very  large 
amount  of  traffic  from  the  start.  It  is  estimated  that  6,500,000  tons  of 
freight,  will  pass  through  the  canal  on  the  second  year,  after  its  com- 
pletion, which  at  $2.50  per  ton  will  amount  to  $16,250,000  gross  reve- 
nue. The  operating  expenses  of  the  canal  cannot  exceed  $1,500,000* 
per  annum,  leaving  $14,750,000  net  revenue,  or  nearly  15%  on  the  $100,. 
000,000,  which  the  canal  will  cost;  and  this  estimate  does  not  seem 
excessive,  when  we  learn  that  the  Sault  St.  Marie  Canal,  with  its  sin- 
gle lock  of  18  feet  lift,  passed  8,288,580  tons  last  year,  of  freight  to  and 
from  lake  Superior  alone. 

The  total  transportation  upon  the  great  lakes,  during  the  year  1890, 
was  upwards  of  51  millions  of  tons,  and  it  is  claimed  that  a  vessel 
passes  Detroit,  on  an  average,  every  7  minutes,  during  about  8  months 
that  navigation  is  open.       This  vast  tonnage  is  so  great,  that  mere 
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figures  do  not  give  the  mind  a  clear  conception,  of  how  vast  it  is.  If  it 
were  loaded  upon  a  train  of  railroad  cars,  each  car  containing  20  tons, 
it  would  load  2,550,000  cars.  Allowing  each  car  a  space  of  35  feet,  and 
the  train  would  be  17,000  miles  long,  and  reach  more  than  f  of  the 
way  around  the  world,  and  a  passenger  train,  starting  at  one  end  of 
this  immense  train,  and  running  at  the  rate  of  30  miles  per  hour, 
would  take  23  days  constant  travel,  day  and  night,  without  stopping, 
to  reach  the  other  end. 

But  great  as  is  the  lake  traffic,  it  is  less  than  £  of  the  total  of  the 
ocean  commerce  of  the  United  States.  A  late  census  bulletin,  gives 
the  transportation  fleet  of  the  United  States  for  3889,  as  25,540' 
steamers,  sailing  vessels,  and  unrigged  craft  excepting  canallers. 
During-  the  year,  these  vessels  carried  172,110,423  tons  of  merchandise. 
This  freight  loaded  upon  a  train  of  cars,  like  the  one  already  described, 
would  reach  considerably  more  than  twice  around  the  globe. 

This  will  be  a  surprise  to  those  who  imagine  that  the  United  States, 
has  no  commerce,  worth  mentioning,  and  a  greater  surprise,  to  learn 
that  the  commerce  of  the  Great  Lakes,  alone,  in  1890,  was  greater  the 
eig-ht  months  that  navigation  was  open,  than  all  the  tonnage,  of  all 
the  vessels,  entering-  the  clearing  ports  of  London  and  Liverpool,  for 
the  entire  year  put  tog-ether. 

Of  this  lake  traffic,  8,288,580  tons  was  locked  through  the  Sault  St. 
Marie  Canal  lock,  in  10,557  vessels,  representing  the  commerce  of 
Lake  Superior  alone,  where  until  1855,  when  the  first  small  lock  was 
opened  by  the  State  of  Michig-an, — there  was  almost  no  commerce, 
and  it  was  impossible  for  a  vessel  to  navigate  the  shallow  and  danger- 
ous rapids  of  St.  Mary's  River.  Now,  the  ag-gregate  tonnage  of  the 
great  Lakes,  is  22. 6%  of  the  tonnage  of  all  the  railroads  in  the  United 
States. 

The  adoption  by  this  government,  of  the  policy  of  commercial  reci- 
procity, which  means  the  exchange  with  other  nations,  free  of  duty, 
of  the  things  that  we  produce,  and  they  do  not,  for  the  things  that 
they  produce,  and  we  do  not,  seems  likely  to  prove  a  wise  and  states- 
manlike policy,  and  by  the  admission  into  the  poi'ts  of  other  countries, 
of  the  products  of  our  soil,  and  of  our  manufactories,  free  of  duty, 
will  gi*eatly  increase  our  foreign  trade,  with  all  those  nations  which 
adopt  reciprocity  treaties,  with  our  government.  This  will  be  true  of 
the  six  l-epublics  of  South  America,  lying  or  bordering  upon  the  Pacific 
Ocean,  whose  entire  trade,  whether  it  be  with  the  United  States,  or 
Great  Britain,  will  pass  through,  and  add  to  the  revenues  of  the  Nica- 
ragua Canal. 

The  reduction  of  freights  between  our  Atlantic  and  Pacific  cities 
will,  in  the  aggregate,  be  something  enormous,  and  the  benefit  of  this 
reduction,  will  be  distributed  over  the  entire  country.     A  great  reduc- 
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tion  of  rates  between  terminal  points,  more  than  3,000  miles  apart, 
means  a  corresponding  reduction  all  along  the  line.  The  railroad 
rates  on  first  class  freight  between  New  York  and  San  Francisco  is  now 
$84  per  ton;  on  second  class  it  is  $74;  on  third  class  it  is  $59:  on  fourth 
class  it  is  $46;  on  fifth  class  it  is  $40;  on  tea  it  is  $30;  and  on  rice  which 
is  the  lowest  rate  of  all,  it  is  $20  per  ton. 

When  the  Nicaragua  Canal  is  completed,  lines  of  steamships  will 
be  established  between  Boston,  New  York,  Philadelphia  and  Baltimore, 
on  the  east,  and  San  Francisco,  and  Portland,  Oregon,  on  the  west. 
The  freight  steamers  will  run  at  the  rate  of  350  miles  per  day,  and 
allowing  one  day  for  coaling-,  and  one  day  for  passing  through  the 
canal,  will  make  the  trip  from  New  York  to  San  Francisco  in  18  days. 
This  is  nearly  as  quick  time,  as  the  average  time  now  made  by  rail- 
road freights,  between  the  same  points.  The  distance  by  rail  be- 
tween New  York,  and  San  Francisco,  via  Chicago,  and  Omaha,  is  3,272 
miles;  by  steamship,  and  the  Nicaragua  Canal,  it  is  5,460  miles. 

The  average  cost  to  shippers,  for  all  the  traffic  on  the  great  lakes, 
in  1889,  was  1.3  mills  per  ton  mile;  at  the  same  rate,  the  cost  of  ship- 
ping by  the  Nicaragua  Canal,  would  be  $7.36  per  ton;  add  $2.50  per  ton 
for  canal  tolls,  and  the  rate  would  be  $9.86  per  ton  on  rice,  instead  of 
$20  per  ton  by  rail.  Increasing  this  rate  on  other  classes  of  freight  in 
the  same  proportion  as  the  railroad  charges  and  we  have  for  tea,  2 
mills  per  ton-mile;  on  fifth  class  freight,  2.6  mills;  on  fourth  class 
freight,  3  mills;  on  third  class  freight,  3.8  mills:  on  second  class  4.8 
mills;  on  first  class,  5.5  mills  per  ton-mile. 
Then  by  comparison  we  have: 

By  railroad  1st  class  $84  per  ton;    By  canal  route,  $33.50  per  ton. 

29.60    "     " 
"         "        "         "  23.90    "      " 

19.4.0    "      " 
17.20    "      " 
15.80    "      " 
"        «  9>86    <<      it 

In  each  case  by  canal  route,  $2.50  is  added  forcanal  toll.  This  is  an 
average  of  only  42%  of  railroad  freight  rates,  and  as  an  evidence  that  it 
would  be  a  high  rate,  for  the  water  route,  it  is  only  necessary  to  say 
that  while  the  average  of  all  freight  on  the  lakes  is  only  1.3  mills  per 
ton-mile,  the  foregoing  estimate,  is  on  a  basis  of  1.3  mills  for  the  low- 
est class  freight  and  5.-$  mills  for  the  highest  class  freight  or  an  aver- 
age of  3.4  mills  per  ton-mile,  on  all  classes  of  freight  or  nearly  three 
times  the  average  of  lake  freight.  This  is  a  remarkable  showing,  but 
the  facts  cannot  be  controverted.  The  inevitable  result  will  be,  a 
great  reduction  in  railroad  rates,  and  an  increased  efficiency  in  rail- 
road service,  a  rapid  and  well  regulated  ocean  service,  via  the  canal, 
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and  largely  increased  revenues  to  that  great  international  waterway, 
and  best  of  all,  a  quickening  of  commerce,  an  increased  product  of  soil 
and  factory,  and  an  added  prosperity  to  the  whole  country.  The  more 
we  study  the  question,  the  greater  the  possibilities  seem  to  be,  and  the 
more  we  are  impressed  with  the  feeling,  that  this  future  great  high- 
way of  commerce,  so  vital  to  all  our  interests,  must  be  built  by  Ameri- 
cans, and  forever  be  controlled  by  the  government  of  the  United 
States. 

Considered  from  a  political  standpoint,  it  is  of  the  first  importance, 
that  the  United  States  Government  should  own,  or  control,  this  canal, 
as  against  any  other  government  under  the  sun.  It  has  been  the  set- 
tled policy  of  this  Government,  for  many  years,  that  no  European 
Government  should  be  allowed  to  gain  a  foot  hold,  on  the  American 
Continent,  or  obtain  control  of  any  government,  on  this  continent, 
beyond  that  which  has  existed  for  many  years.  This  idea  was  formu- 
lated in  1823,  into  what  is  known  as  the  Monroe  Doctrine,  v\bich  has 
existed  so  far,  more  as  a  sentiment,  than  as  the  settled  policy  of  the 
Government. 

In  1850,  the  famous  Clayton-Bulwer  treaty,  between  Great  Britain 
and  the  United  States,  was  signed  by  the  President,  and  ratified  by  the 
Senate,  whereby  it  was  stipulated,  that  neither  government  should 
gain  any  exclusive  rights,  over  the  construction  of  the  said  canal,  or 
erect,  or  maintain  any  fortifications,  in  its  vicinity,  nor  exercise  any 
dominion  over  Nicaragua,  Costa  Rica,  the  Mosquito  Coast,  or  any 
part  of  Central  America.  This  was  a  "dead  give  away",  of  the  Mon- 
roe Doctrine,  onpur  part.  The  English  were  already  in  possession  of 
Mosquito  Coast,  with  headquarters  at  Grejtown,  the  eastern  termi- 
nus of  Nicaragua  Canal,  and  the  treaty  did  not  clearly  declare  that 
they  should  vacate  their  position,  although  it  was  ratified  by  the  sen- 
ate, and  signed  by  the  president.  Later,  it  was  discovered,  that  our 
Government,  had  been  greatly  out-generaled,  by  the  British  States- 
men. Finally,  after  several  years  of  controversy,  the  British  Govern- 
ment in  1860,  agreed  to  accept  the  American  interpretation,  of  the 
treaty,  and  vacated  the  Mosquito  Coast.  But  the  trouble  did  not  end 
here.  The  American  Government  had  surrendered  its  right  to  exclu- 
sive control,  of  the  Panama  and  Nicaragua  Canals,  if  ever  they  should 
be  built,  and  agreed  to  a  joint  control  with  the  British  Government, 
which  was  clearly  in  opposition  to  the  Monroe  Doctrine.  Every  admin- 
istration since  the  Civil  War,  has  protested  against  the  Clayton-Bul- 
wer treaty,  and  declared  that  the  British  Government  has  violated  the 
treaty,  in  establishing  and  maintaining  a  settlement  in  Honduras,  and 
that  the  United  States,  will  maintain  the  principles  of  the  Monroe  Doc- 
trine, at  all  hazards.  President  Arthur  negotiated  a  treaty  with  the 
Nicaraguan  Government,  by  which  this  government,   agreed  to  build 
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the  canal  and  own  it,  but  it  was  not  ratified,  and  when  Cleveland  be- 
came president,  he  withdrew  the  treaty,  on  the  ground  that  it  might 
create  great  international  disturbances.  The  government  took  no  act- 
ion, when  the  French  people  began  the  Panama  Canal,  except  to  declare 
that  we  would  never  submit  to  have  it  under  foreign  control.  After 
the  DeLessep's  failure,  the  French  people,  who  had  furnished  nearly 
all  the  money,  endeavored  to  have  the  French  Government  complete 
it,  as  a  national  enterprise,  which  it  declined  to  do,  partly,  no  doubt, 
from  fear  of  international  difficulties,  and  perhaps  war  with  the  United 
States. 

As  the  matter  now  stands,  the  Panama  Canal  is  abandoned  after  the 
expenditure  of  260  millions  of  dollars,  and  the  Nicaragua  Canal  is  sure 
to  be  built,  by  American  capital,  and  by  American  engineers. 

In  this  connection,  I  quote  the  vigorous  language  of  Senator  Mor- 
gan of  Alabama,  in  the  United  States  Senate  in  1890,  upon  this  subject 
as  follows: 

"The  platitudes  of  the  Clayton-Bulwer  treaty,  in  which  each  party 
yielded  something  to  the  other,  that  neither  possessed,  making  mutu- 
al concession,  for  a  consideration  that  did  not  exist,  and  could  not  be 
valuable,  have  become  a  stale  demand  upon  the  people  of  both  nations, 
and  there  is  no  longer  room  for  their  serious  and  practical  treatment. 
If  our  president  and  senate,  can  fix  a  theoretical,  and  dogmatic  policy, 
upon  our  people,  for  all  time  to  come,  because  another  policy  may 
not  suit  Gi'eat  Britain,  it  seems  to  be  in  vain,  that  we  ever  attempted 
to  divorce  ourselves  from  the  power  of  the  British  throne.  There  is 
ground  for  impatience,  with  the  spirit  that  must  first  consult  Great 
Britain,  before  we  can  know  what  we  may  do  for  our  own  people. 
There  has  been  too  much  cff  that  fashion  of  snobbishness,  in  American 
politics.  All  our  ports  are  open  to  every  British  subject,  the  same  as 
to  our  own  people ;  yet  a  ship  approaching  the  British  Canadian  ports, 
loaded  with  supplies  for  their  half  fed  people,  would  be  captured  with 
guns  if  necessary  and  confiscated.  British  goods  come  and  go  across 
our  soil,  to  Canada,  in  bond,  and  free  of  duty,  but  if  we  send  a  barrel 
of  fish  through  Canada,  it  is  immediately  confiscated. 

No  clearer  right  comes  to  us,  through  the  War  of  the  Revolution, 
than  the  right  of  free  fishing  on  the  coasts  of  Newfoundland,  Labrador 
and  Canada,  but  we  were  compelled  to  yield  those  rights,  won  from 
the  French,  by  the  blood  of  our  own  people,  to  the  arrogant  demands 
and  pressure  of  British  aggression. 

The  Monroe  Doctrine,  was  eaten  away  by  the  corrosion  of  British 
polic}',  in  the  Balize,  (Honduras)  and  aggressions,  excused  by  a  preten- 
tious love  of  the  rights,  of  the  vilest  nest  of  freebooters,  that  ever  as- 
sembled on  this  continent,  grew  into  crown  colonies,  and  are  there 
now,  in  defiant  proofs  of  her  disregard  of  her  treaty   rights,    with  the 
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United  States.  If  in  our  desire  to  assist  the  commerce  of  the  United 
Staies,  and  to  dischai'ge  the  trust  in  favor  of  posterity,  that  grows  out 
of  the  shores  of  the  Atlantic  and  Pacific  Oceans,  by  connecting  through 
a  short  line  of  navigation,  we  shall  offend  against  a  lurking  policy  of 
Great  Britain,  shrewdly  hidden  in  an  old  treaty  formulation,  of  econ- 
omic dogmas,  I  shall  be  glad  very  soon  to  have  the  dust  removed 
from  the  hiding  place,  of  this  ancient  fraud." 

As  soon  as  it  was  demonstrated,  that  the  Suez  Canal,  was  to  be  a 
great  success,  the  British  Government,  with  the  wise  statesmanship 
for  which  it  is  distinguished,  through  the  astute,  and  wily  D'Israeli, 
then  premier,  secured — through  secret  negotiations — the  ownership 
of  a  majority  of  the  stock  of  the  Suez  Canal  Company,  and  under  this 
ownership,  came  into  possession,  and  control,  of  the  new  short  route 
to  the  Indies  and  China,  and  they  now  control  it  as  easily  and  securely, 
as  they  control  Gibraltar,  and  the  entrance  to  the  Mediterranean  Sea. 

The  British  have  strong-  fortifications  also  at  Aden,  near  where  the 
Red  Sea  joins  the  Indian  Ocean,  so  that  they  have  supreme  control  of 
this  great  commercial  route.  By  the  ownership  of  the  Suez  Canal, 
they  can  give  British  vessels  lower  rates  of  toll,  or  rebate  them  alto- 
gether, thus  giving  their  vessels  a  great  advantage  over  all  others. 
This  Government  has  but  little  interest  or  concern,  in  1h±  affairs  of 
the  eastern  hemisphere,  and  we  can  have  only  the  highest  admiration 
for  the  wise  and  far-seeing-  statesmanship,  by  which  the  British  have 
secured  forever,  control  of  this  great  commercial  route,  an  I  I  rough t 
the  British  Isles,  and  their  great  possessions  in  India,  5,000  miles  near- 
er together,  but  we  niust  see  to  it  that  British  statesmanship,  does 
not  in  like  manner,  gam  control  of  the  western  hemisphere. 

The  western  hemisphere,  commercially,  belongs  to  us.  Here  our 
interests  are  paramount,  to  all  others,  and  here  we  must  maintain  con- 
trol at  all  hazards.  Our  Atlantic  coast,  bears,  substantially,  the  same 
relation  to  our  Pacific  coast,  that  England  does  to  the  Indies.  All  our 
ocean  commerce  between  these  two  sections  of  our  country,  if  carried 
by  steamers,  now  goes  round  South  America,  15,000  miles  through  the 
Straits  of  Magellan,  If  carried  in  sailing  vessels  it  has  to  g-o  around 
Cape  Horn,  2,500  miles  longer  distance.  England  saved  5,000  miles 
between  London  and  Calcutta,  by  the  Suez  Canal.  We  save  9,500 
miles  between  New  York  and  San  Francisco  for  steam  vessels,  and  12, 
000  miles  for  sailing  vessels,  by  building  the  Nicaragua  .Canal,  and 
when  built,  it  will  become  of  as  much  greater  importance  to  the  Uni- 
ted States,  than  the  Suez  Canal  is  to  the  British  Government,  as  the 
distance  saved  to  our  commerce  is  greater  than  that  saved  to  the  Bri- 
tish Government,  by  the  Suez  Canal. 

The  United  States  Government,  must  control  this  great  waterway, 
and  there  is  only  one  way  to  do  it,  and  that  is,  to   become  a  direct,  or 
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indirect  owner  of  the  canal.  By  direct  ownership,  this  Government 
would  furnish  all  the  money,  build,  own  and  operate  the  canal,  as  pro- 
vided in  the  Arthur  Treaty.  By  indirect  ownership,  the  Government 
would  simpty  guarantee,  not  to  exceed  $100,000,000  of  3%  bonds,  and 
allow  the  present  Maritime  Canal  Company,  to  go  ahead,  complete 
and  operate  the  canal.  For  secui'ity,  the  Government  to  have  pledged 
to  it  $75,000,000  of  stock,  to  be  voted  upon  all  questions,  by  the  Secre- 
tary of  State,  and  the  Government  to  have  proper  representation,  in 
the  Board  of  Directors,  and  supervision  of  the  expenditures.  All  this 
can  be  done  under  such  restrictions,  as  will  make  the  Government  per- 
fectly safe,  and  secure  the  construction  of  the  canal  in  six  years,  and 
much  quicker,  and  more  economically,  than  it  can  otherwise  be  done. 
Rapid  and  economical  construction  of  any  great  work,  requires  enough 
money  provided  at  the  start,  to  meet  all  necessary  requirements.  For 
the  Canal  Company  to  proceed  in  the  usual  way,  to  raise  $100,000,000 
will  require  along  time,  large  sums  for  promotion,  high  rates  of  inter- 
est on  bonds,  time  for  construction  extended  from  6  years  to  8  or  10 
years.  Doubtless  under  such  conditions  as  these,  the  canal  would 
cost  150  millions  of  dollars. 

Indirect  ownership,  by  the  Governmsnt,  is  best  for  all  concerned, 
and  will  be  much  less  likely  to  meet  with  international  complications. 
If  our  Government  declines  to  aid  in  this  way,  we  may  wake  up  when 
too  late,  and  find  that  the  British  Government,  more  wise  than  we, 
has  bought  a  controlling  interest  in  the  stock  of  the  Canal  Company, 
and  has  gathered  in  the  Nicaragua  Canal,  in  the  same  way  that  they 
gathered  in  the  Suez  Canal. 

"Great  ship  canals  like  those  of  Nicaragua  and  Suez,  have  a  rela- 
tion to  the  commerce  and  naval  affah's  of  all  nations,  that  makes 
them  of  necessity,  political  factors  of  the  most  important  character." 
As  a  naval  and  strategic  point,  the  Nicaragua  Canal,  will  be  equal  to, 
and  greater  than  Gibraltar.  Lake  Nicaragua  will  afford  a  safe  harbor, 
for  all  the  navies  of  the  world.  From  this  point,  the  nation  holding 
possession,  and  at  war  with  the  United  States,  could  attack  any  point 
on  the  Gulf  of  Mexico,  or  on  the  western  coast  of  America.  It  could 
establish  a  navy  yard, dry  dock,  and  coaling  stations,  where  ^ts  vessels 
could  be  repaired,  cleaned,  coaled  and  provisioned.  It  could  prevent 
the  passage  of  tl.e  vessels,  of  any  unfriendly  power,  and  it  could,  if  so 
disposed,  and  powerful  enough,  lay  tribute  on  all  our  coastwise  and 
South  American  commerce,  or  run  it  down  with  privateers,  capture 
and  destroy  it.  For  the  United  States  to  yield  control  of  this  great 
Canal  would  be  a  national  danger,  disgrace  and  dishonor. 

In  conclusion  I  will  quote  the  words  of  that  noble  old  hero,  Gener- 
al Grant: 

"In  accordance  with  the  early  and  later  policy  of  this  Government, 
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in  obedience  to  the  often  expressed  wish  of  the  American  people,  with 
due  regard  to  our  national  dignity  and  power,  with  a  watchful  care 
for  the  safety  and  prosperity  of  our  interests  and  industries,  on  this 
continent,  and  with  a  determination  to  guard  against  even  the  first  ap- 
proach of  rival  powers,  whether  friendly  or  hostile,  on  these  shores, 
I  commend  an  American  Canal,  on  American  soil,  to  the  American 
people,  and  congratulate  myself  on  the  fact,  that  the  most  careful  ex- 
plorations have  been  started,  and  that  the  route,  standing  in  this  atti- 
tude before  the  world,  is  the  one  which  commends  itself  as  a  judicious, 
economical  and  prosperous  work." 

Note. — The  distances  on  Government  Naval  Charts  are  given  in 
nautical  miles.  In  this  paper  all  distances  are  given  in  English  miles, 
which  will  account  for  any  apparent  discrepancies. 


SOME  EXPERIMENTS  ON  THE  EFFECT  OF  PUNCHING 
STEEL  PLATE. 


By  C.  H.  Benjamin,  Member  Civil  Engineers'  Club  of  Cleveland. 


[Read  Sept.  13,  1892.] 

The  experiments  of  which  this  paper  gives  a  summary,  were  made 
in  the  mechanical  laboratory  of  the  Case  School  of  Applied  Science 
under  my  direction,  by  Mr.  F.  H.  Chamberlin  of  the  class  of  1892,  and 
formed  a  part  of  the  work  for  his  graduating  thesis.  The  punches  and 
dies  used  were  very  kindly  furnished  by  Mr.  A.  E.  Brown  of  this  Club. 
The  experiments  were  all  made  on  a  Riehle  screw-power  testing  ma- 
chine of  60,000  lbs.  capacity,  and  had  for  their  objects:  first,  the  de- 
termination of  the  ultimate  resistance  to  shearing  of  soft  steel  plate 
for  different  forms  of  punch,  and  the  relation  of  stress  to  distortions 
as  the  punching  proceeded;  second,  the  determination  of  the  effect  of 
the  punching  on  the  elastic  limit  and  ultimate  tensile  strength  of  the 
plate  in  the  various  cases. 

In  every  test  the  material  used  was  Otis  steel  boiler-plate  one- 
quarter  inch  thick  and  stamped  60,000  lbs.  tensile  strength,  the  pieces 
all  being  cut  from  the  same  plate.  No  analysis  was  made  of  the  steel, 
as  only  relative  values  of  the  effect  of  different  punches  were  sought 
for. 

The  different   styles  of  punches  used  are  clearly   shown  in  Fig.  1. 
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viz.:  the  common  flat  ended  punch,  both  round  and  square,  the  center 
punch  having  a  small  conical  center,  the  double  punch  having'  two 
steps  and  the  spiral  punch. 

The  punches  and  dies  were  held  in  the  testing  machine,  just  as 
they  would  be  in  the  ordinary  course  of  work,  the  holders  being  shown 
in  the  figure. 

A  general  description  of  the  routine  of  the  experiments  will  first 
be  given,  before  proceeding  to  consider  results. 

Each  piece  of  plate  used  was  2  and  $"  wide  and  10"-iong.  One 
piece  was  reduced  in  width  for  several  inches  near  the  center,  then 
put  in  the  testing  machine  and  broken  by  tension,  its  modulus  of  elas- 
ticity and  ultimate  strength  being  carefully  noted,  also  the  contrac- 
tion of  area  at  fracture.  A  second  piece  was  then  placed  in  the  test- 
ing machine  and  cut  apart  in  double  shear  by  a  straight  die,  the  ulti- 
mate shearing  stress  and  relation  of  stress  to  distortion  being-  observed. 
In  all  the  experiments  on  shearing  and  punching,  the  distortion  or 
sinking- caused  by  the  punch  was  measured  by  a  Riehle'  lever  indicator, 
enabling  the  operator  to  read  to  thousandths  of  an  inch. 

Each  of  the  remaining  pieces  was  in  turn  put  in  the  machine  and  a 
hole  punched  at  the  center  of  its  length  and  width.  After  each  was 
in  position  the  indicator  was  applied  and  adjusted  at  zero.  The  ma- 
chine was  then  run  uut.il  the  load  reached  2,000  lbs.  when  it  was 
stopped,  the  scale  beam  balanced  and  read,  and  a  reading  taken  of  the 
indicator. 

This  was  repeated  at  intervals  of  about  2,000  lbs.,  until  the  punch 
came  through.  One  piece  of  the  same  steel  had  a  hole  drilled  at  its 
center  to  compare  with  the  punched  plates.  All  the  plates  were  then 
taken  to  the  shaping  machine  and  planed  on  the  edg-es  to  remove  all 
cracks  due  to  the  original  shearing,  and  also  to  bring  the  holes  accu- 
rately at  the  center  of  the  width. 

They  were  then  again  placed  in  the  testing  machine  and  broken  by 
tension,  the  elastic  limit,  the  ultimate  resistance,  the  contraction  of 
area  at  fracture,  and  the  elongation  of  diameter  of  hole  all  being 
carefully  determined.  In  order  to  determine  more  accurately  the  ul- 
timate resistance  to  shearing  for  each  kind  of  punch  used,  five  to  ten 
holes  were  punched  with  each  in  similar  plate,  and  an  average  made 
of  the  results.  Fig.  2  shows  graphically  the  relation  of  sinking  or 
distortion  to  the  load  applied,  for  each  kind  of  punch.  The  irregulari- 
ties at  the  beginning  of  some  of  the  curves  may  be  clue  to  springing 
and  settling  of  the  specimen.  One  fact  is  especially  noticeable,  and 
that  is  the  entire  absence  of  any  yielding  or  breaking-down  point,  the 
curve  in  each  case  rising  steadily  to  the  maximum  and  then  stopping. 

The  numbers  on  the  curves  refer  to  the  number  of  plate  as  shown 
in  the  accompanying  Table  1. 
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An  average  of  several  experiments  gives  the  following  results: 


TABLE    II. 
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Punches  Nos.   1,  2,  3  and  11  were  selected  for  a  test  of  average 
ultimate  resistance,  as  each  was  f"  in  diameter. 


FIG.    2-       CURVES    FROM     PUNCHING    STEEL    PLATE. 
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The  punches  and  dies  were  all  in  good  condition  and  equally  sharp. 
They  were  all  such  as  are  ordinarily  used  by  the  Brown  Hoisting  and 
Conveying  Machine  Company  of  this  city,  except  the  spiral  punch, 
which  was  made  in  the  laboratory. 

An  examination  of  Table  1.,  will  show  that,  with  the  exception  of 
the  spiral  punch,  there  is  not  much  to  choose  between  the  punches 
vised,  the  ultimate  resistance  being  about  the  same  for  all. 

This  is  confirmed  by  reference  to  Table  II.  It  has  Ken  claimed  by 
some  that  a  projecting  center  on  a  punch  would  reduce  the  resistance 
by  stretching  and  bending  the  metal  over  the  sharp  corners  of  the  die 
before  cutting  began.  The  experiments  do  not  show  this.,  In  fact 
No.  1. ,  in  Table  1. ,  showed  a  greater  resistance  for  the  center  punch 
than  for  any  of  the  others.  This  is  undoubtedly  an  error  since  the 
subsequent  trials  do  not  confirm  it. 

A  comparison  of  experiments  3  and  9  shows  a  slight  advantage  in 
drilling  a  plate  before  punching.  Experiment  13  shows  that  the  ulti- 
mate resistance  to  punching  and  shearing  is  about  the  same. 

The  tests  do,  however,  show  plainly  the  advantage  of  a  spiral 
punch  over  all  the  others,  the  ultimate  resistance  being  23%  less  in 
Table  H.,  than  the  average  of  the  other  three.  The  resistances  given 
in  the  table  are  undoubtedly  less  than  when  the  punches  are  used  m 
an  ordinary  press,  on  account  of  the  much  slower  speed  used  and  the 
greater  time  allowed  for  the  flowing  of  the  metal  around  the  punch. 
The  relative  values  of  the  different  resistances  are  probably  not  affect- 
ed by  this  to  any  great  extent. 

Table  III.  gives  the  results  of  the  tension  tests  of  the  same  plates. 
These  results  were  very  satisfactory  with  the  exception  of  No.  10, 
which  shows  for  some  unexplained  reason  a  much  higher  tensile 
strength  than  any  of  the  other  punched  plates,  although  the  same 
punch  was  used  as  in  No.  1,  and  the  conditions  were  precisely  the 
same.  I  have  accordingly  omitted  No.  10  in  comparing  averages. 
The  variations  in  the  ultimate  strength  and  elastic  limit  of  Nos.  1  to  9 
are  no  greater  than  we  often  get  from  different  parts  of  one  sheet. 
Averaging  them  and  comparing  the  result  with  No.  12,  it  is  found 
that  the  ultimate  strength  is  7.5%  less,  the  elastic  limit  5%  greater, 
and  the  contraction  of  area  30%  less  than  in  a  drilled  plate,  showing- 
that  the  effect  of  the  punching  is  to  render  the  metal  around  the  hole 
more  brittle  and  less  ductile  than  before.  The  elastic  limit  was  deter- 
mined by  simply  watching  the  pointer  of  a  lever  extensometer  attached 
to  the  plate,  and  the  values  are  not  as  accurate  as  if  the  elastic  curves 
had  been  plotted.  No.  12,  where  the  spiral  punch  was  used  shows, 
however,  an  ultimate  strength  only  3%  less  and  a  contraction  of  area 
only  20%  less  than  the  drilled  plate,  which  offers  another  excellent 
reason  for  using  spiral  punches. 
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TABLE  III. 
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Further  experiments  might  determine  a  shape  of  spiral  punch  much 
more  efficient  than  the  one  used. 

The  difference  in  strength  between  the  drilled  plate,  No,  12,  and 
the  straight  piece  No.  14  may  be  attributed  to  the  difference  in  shape 
of  the  test-pieces. 

It  may  be  said  that  the  variation  in  clearance  between  punch  and 
die  will  always  affect  the  results,  but  in  these  experiments  we  had 
not  a  sufficient  assortment  of  sizes  to  determine  how  much. 

Comparing  Nos.  6  and  7,  in  Table  1,  it  is  seen  that  while  No.  6  has 
only  one-half  the  clearance  of  No.  7,  there  is  no  very  marked  differ- 
ence in  the  resistances.  The  good  or  bad  centering  of  punch  and  die 
•has  much  to  do  with  the  results;  I  think  an  example  of  this  maybe 
seen  in  No.    1,  as  shown  on  the  graphic  diagram,  Fig.  2.       It  will  be 
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noticed  that  the  line  of  pressure  rises  higher  than  the  others.  The  same 
punch  and  die  were  used  on  No.  10,  more  care  being  taken  with  the 
centering,  and  as  seen,  a  different  maximum  was  obtained. 

In  the  Engineering  News  for  Dec.  13,  1884,  will  be  found  a  transla- 
tion of  an  interesting  paper  on  this  same  subject,  by  a  Russian  engin- 
eer. V.  N.  Beck  Guerhard.  His  experiments  were  directed  towards 
finding  the  effects  on  the  tensile  strength  of  soft  steel  plate,  of  punch- 
ing both  hot  and  cold,  by  comparing  the  punched  plates  with  drilled 
ones,  and  he  made  no  measurement  of  the  resistance  to  punching. 

He  says:  "The  tests  show  that  punching  cold  compared  with  drill- 
ing decreases  both  resistance  and  elongation.  In  the  punched  holes 
only  the  top  side  is  clean,  showing  a  round  edge,  while  the  bottom  side 
presents  a  sharp  edge,  in  some  places  broken  away,  and  drawn  out 
with  deep  cavities  discovering  the  crystalline  structure  of  the  metal. 
In  short  under  the  microscope  we  see  a  clear  picture  of  the  rough  de- 
struction caused  by  the  punching," 

He  does  not  find  the  minute  radical  cracks  which  have  been  sup" 
posed  to  exist,  but  speaks  of  a  series  of  curved  lines  appearing  on  the 
polished  surface  around  the  hole,  caused  probably  by  the  flow  of 
metal. 

I  intend  to  make  further  experiments  in  this  direction,  confining 
the  tests  to  one  size  of  punch,  but  using  as  many  varieties  as  possible, 
and  paying  more  attention  to  the  effect  of  clearance. 

The  paper  was  followed  by  quite  a  long  discussion  on  the  subject 
presented. 

DISCUSSION. 


Mr.  Porter  said  that  the  question  of  the  resistance  to  punching 
was  not  of  so  much  impoi'tance;  that  the  practical  question  was  in  re- 
gard to  the  effect  on  the  strength  of  the  metal.  He  said  that  the 
trouble  with  most  experiments  of  this  kind  was  that  they  did  not 
always  reproduce  the  actual  conditions  obtaining  in  practice. 

He  suggested  pulling  the  test-piece  apart  by  means  of  a  pin  passed 
through  the  hole  instead  of  by  gripping  both  ends,  as  more  nearly 
representing  the  conditions  under  which  the  metal  gives  way  in  actual 
construction. 

Mr.  Woods  mentioned  the  use  of  a  cup-shaped  punch  and  Mr.  Pal- 
mer spoke  of  a  punch  which  was  chamfered  at  two  opposite  sides  so 
as  to  give  shearing  action. 

Mr.  Gifford  said  that  the  reason  why  spiral  punches  had  not  been 
nsed  was  because  the  great  expense  of  making  them. 

It  was  suggested  that  the  spiral  punch  would  be  less  apt  to  crowd 
over  if  the  spiral  were  double  with  points  on  opposite  sides  of  the 
punch. 
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The  fact  that  some  of  the  experiments  showed  an  apparent  differ- 
ence in  the  quality  of  two  pieces  of  steel  from  the  same  plate,  brought 
up  quite  an  animated  discussion  on  the  unreliability  of  steel  in  struct- 
ural work.  Prof.  Langley  suggested  that  it  might  be  advisable  to 
test  steel  members  for  homogeneity  by  chemical  analyses  at  various 
parts  of  their  length. 


"THE    E  AIL  WAY   PROBLEM   OF   CHICAGO,    IN   RELATION  TO 

TERMINALS,  RAPID  TRANSIT,  MARINE  COMMERCE 

AND  RELATED  INTERESTS." 


Discussion  on  Report  of  Committee  to  the  Western   Society  of 
Engineers,  Presented  May  11,  1892. 


Mr.  O.  Chanute. 

There  are  probably  other  gentlemen  here  who  wish  to  say  some- 
thing on  this  subject,  and  I  shall  endeavor  to  be  brief  in  my  remarks. 
I  have  made  some  notes  to  keep  myself  in  bounds. 

I  regret  to  be  compelled  to  differ  from  manj'  of  the  views  expressed 
by  the  Committee,  but  I  shall  now  discuss  only  two  of  them:  one 
especially  referring  to  the  proposed  closing  of  the  present  harbor 
entrance  to  the  river.  This,  as  it  seems  to  me,  would  largely  destroy 
the  values  of  property  in  the  present  business  center  and  result  in 
changing  the  business  locality  of  many  industries  and  merely  transfer- 
ring elsewhere  the  location  and  pressure  of  traffic.  You  all  know  how 
the  city  has  grown  up,  how  the  river  has  been  utilized,  how  large  ele- 
vators and  great  steamers  and  warehouses  have  clustered  near  the 
mouth  of  the  river:  how  the  business  houses  have  been  built  in  close 
proximity  to  the  river,  and  next  to  them  have  grown  up  office  build- 
ings, and  it  appears  to  me  that  if  the  river  entrances  should  be  abandon- 
ed, it  would  result  iu  transferring  the  business  elswhere;  that  we  shall 
only  have  changed  the  location  of  the  business,  while  we  shall  have 
entailed  terrible  loss  upon  values  in  the  existing  business  center. 

The  avowed  object  of  closing  the  river  entrances  is  to  do  away 
with  the  bridge  nuisance.  But  before  recommending-  so  serious  a  step 
as  the  doing  away  with  the  main  river  entrance,  it  seems  to  me  it  is 
incumbent  upon  us,  as  engineers,  to  consider  whether  we  cannot  devise 
some  plan  by  which  the  nuisance  can  be  abated  or  diminished.  As 
engineers  we  ought  to  suggest  and  endeavor  to  carry  out  plans  for 
the  enhancement  of  values,  and  not  for  their  destruction. 

The  Committee  in  its  report  mentions  the  possibility  of  adopting 
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tunnels,  but  it  dismisses  the  proposal  very  summarily  in  consequence 
of  the  length  of  the  required  approaches,  which,  it  is  assumed,  would 
extend  back  a  quarter  of  a  mile  from  the  river.  It  does  not  seem  to 
have  been  considered  by  the  Committee  that  these  approaches  might 
be  made  in  a  variety  of  ways;  that  if  it  be  desirable  to  bring  the  traf- 
fic close  to  the  water's  edge,  they  might  be  made  on  a  circular  inclined 
plane,  as  in  England,  nor  do  they  seem  to  have  considered  that  traffic 
could  be  lowered  or  hoisted  to  tunnels  by  means  of  elevators.  Those 
two  methods  might  be  considered,  although  I  do  not  think  they  would 
offer  the  best  solution. 

Now  the  pressure  is  not  so  much  due  to  the  foot  passengers  on  the 
draw-bridges  across  the  river,  but  it  is  due  chiefly  to  the  teams  that 
are  constantly  crossing.  It  is  due  to  the  large  quantities  of  goods 
which  have  to  cross  the  river,  and  it  is  the  pressure  of  teams  which  is 
rendering  the  bridges  such  a  nuisance.  I  question,  myself,  whether  a 
circular  inclined  approach  for  teams  would  be  the  most  satisfactory 
solution,  and  there  are  engineering  devices  which,  it  seems  to  me,  it 
would  not  be  impossible  to  apply.  I  refer  to  elevators  and  to  street 
Railways,  which  have  been  applied  to  the  conveyance  of  passengers, 
and  which  may  be  modified  so  as  to  apply  to  the  transit  of  teams. 

With  regard  to  elevators,  it  may  perhaps  be  practicable  to  have  a 
sufficient  number  to  lower  or  to  hoist  the  traffic  to  high  bridges  over 
the  river,  placed  sufficiently  high  to  clear  the  masts  of  vessels,  but  they 
would  occupy  a  great  deal  of  space,  and  so  the  room  required  for  team 
elevators  might  be  more,  perhaps,  than  the  ground  would  admit  of. 
Then  we  would  have  to  consider  the  time  that  would  be  lost  in  the  use 
of  elevators,  for  while  it  would  only  take  about  fifteen  seconds  to  hoist 
a  team  to  the  required  distance,  yet  the  delay  in  loading  and  unload- 
ing would  cause  great  loss  of  time.  I  believe  better  results  could 
be  obtained  by  the  adaptation  of  the  street  railway  to  the  conveyance 
of  teams. 

We  all  know  that  the  existing  tunnels  afforded  little  relief,  until 
the  railways  were  laid  in  them.  They  were  operated  for  years,  and 
very  few  people  would  travel  through  them,  but  since  the  street  rail- 
ways have  been  laid  through  them,  they  have  prooved  to  be  very  useful 
for  passenger  traffic.  Perhaps  the  same  device  can  be  applied  to  team 
traffic.  If,  for  instance,  tracks  were  to  be  laid  in  new  tunnels,  and  if 
such  tracks  were  equipped  with  toains  of  low  flat  cars,  hauled  by  cable 
or  electric  power,  and  if  such  trains  were  loaded  with  teams,  to  be 
started  every  minute  from  either  terminus,  they  would  be  able  to 
transfer  across  and  under  the  river  a  very  great  number  of  teams.  My 
calculations  indicate  some  12  to  18  hundred  teams  per  hour,  this  being 
about  the  present  traffic  of  an  ordinary  bridge. 

But  the  moment  that  cable  or  electric    power  is  substituted  for 
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that  of  animals,  much  steeper  grades  can  be  adopted,  probably  10  to  lb"- 
per  cent  can  be  used,  thus  reducing  the  approaches  to  the  tunnels  from 
1,350  feet,  as  indicated  by  the  committee,  to  540  feet,  and  making  the 
length  of  the  tunnel  and  approaches  about  one-fourth  of  a  mile,  which 
at  the  rate  of  ten  miles  per  hour  can  be  traversed  in  one  and  one-half 
minutes.  I  do  not  say  that  this  would  be  an  absolute  solution  of  the 
problem  of  transporting  traffic  across  the  river,  but  it  is  worth  consid- 
ering. 

Perhaps  still  another  disposition  could  be  made  of  the  difficulty  by 
means  of  the  "multiple  traction"  travelling  platform  which  is  in  op- 
eration at  Jackson  Park.  I  confess  that  I  have  my  doubts  about  it, 
because  of  the  difficulty  in  inducing  horses  to  step  upon  a  moving 
platform. 

Whatever  plan  is  thought  preferable,  there  are  many  details  which 
will  have  to  be  considered  before  it  can  be  pronounced  as  practicable. 
Those  I  may  at  some  future  time  discuss  at  greater  length,  but  I  may 
say  now  that  I  doubt  whether  draw-bridges  can  be  entirely  abolished, 
for  it  should  be  remembered  that  foot  passengers  will  always  prefer  to 
remain  above  ground  rather  than  to  go  under  ground,  so  that  perhaps- 
such  bridges  as  are  now  the  least  objectionable  might  remain  for  gen- 
eral use.  It  is  possible,  also,  that  a  satisfactory  solution  might  be 
worked  out  with  high  bridges  and  steam  elevators;  at  least  it  might  be 
well  to  consider  a  plan  like  that.  All  these  ai'e  but  suggestions,  and  I 
make  them  for  the  reason  that  we,  as  engineers,  ought  to  consider  the 
best  remedy  for  the  existing  nuisances,  before  proceeding  to  recommend 
so  radical  a  plan  for  their  abatement  as  the  abandonment  of  the  pres- 
ent harbor  entrance  or  the  making  of  a  new  outer  harbor.  It  is  well 
therefore  for  us  to  inquire  whether  some  of  the  schemes  which  I  have 
mentioned  could  prove  sufficiently  effective  to  answer. 

I  am  also  unable  to  agree  with  the  Committee  in  their  report  on 
the  Railway  Problem.  The  majority  report  seems  chiefly  to  favor  a 
depression  of  the  tracks:  it  gives  us  a  sort  of  a  mixed  plan,  yet  the 
report  chiefly  conveys  that  impression.  It  is  not  specifically  stated 
how  much  the  tracks  should  be  depressed,  but  inasmuch  as  the  streets 
are  proposed  to  remain  "at  or  near  their  present  grades",  the  depres- 
sion involves  open  cuttings  from  sixteen  to  twenty  feet  deep.  This 
would  be  very  difficult  to  drain  anywhere,  and  be  quite  impracticable 
for  tbose  Roads  which  are  near  the  river. 

In  the  minority  report  it  is  proposed  to  raise  the  tracks,  and  as  this- 
seems  likely  to  involve  enormous  difficulties  if  done  upon  the  existing 
rights  of  way,  it  is  proposed  to  combine  the  roads  into  three  groups  of 
elevated  railroads,  presumably  to  avoid  the  necessity  for  grade  cross- 
ings between  them. 

Now  the  traffic  in  different  parts  of  the  city  has  grown  around  the 
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Railroads  much  in  the  same  way  as  the  marine  traffic  has  clustered 
about  the  river.  In  early  days  when  the  railroads  came  here,  the  peo- 
ple were  glad  to  get  them,  and  gave  them  rights  of  way  through  the 
streets  to  reach  convenient  depot  grounds,  and  so  the  traffic  has  grown 
up  around  these  railroad  centers;  it  produces  congestion  and  the  peo- 
ple find  this  a  good  deal  of  a  nuisance  and  propose  radical  plans  for 
removing  the  tracks,  to  the  possible  great  injury  of  the  commerce  of 
this  city.  I  think  it  well  for  us  to  inquire  whether  the  remedy  might 
not  prove  worse  than  the  disease,  unless  carefully  planned  and  car- 
ried out. 

It  seems  to  me  that  the  proposal  to  remove  the  whole,  or  even  a 
majority  of  the  existing  tracks  from  their  present  position  at  the  sur- 
face of  the  ground,  is  likely  to  deal  a  severe  blow  to  the  prosperity  of 
the  cit}7,  by  increasing  the  cost  of  transacting  its  business.  This  refers 
more  particularly  to  freight,  for  in  order  that  Chicago  may  continue  a 
large  distributing  centre,  freight  must  continue  to  be  handled  with  the 
utmost  economy  and  in  the  shortest  time  possible.  If  goods  arriving 
here  or  shipped  away  are  to  be  lowered  or  raised  some  twenty  feet, 
special  plans  would  have  to  be  provided,  involving  a  large  expense  in 
building  and  in  operating;  but,  what  is  much  more  important,  it 
would  cut  off  from  easy  rail  connection  many  manufactories  and 
establishments  now  served  by  means  of  switches,  and  compel  them  to 
resort  to  the  expense  of  hauling  the  freight  to  the  elevators  with 
teams.  Goods  are  now  taken  directly  from  the  cars  by  the  manufact- 
urers in  many  cases,  and  it  you  should  compel  the  manufacturers  to 
build  elevated  side  tracks  or  to  haul  those  goods  by  team,  you  would 
so  increase  the  cost  of  transacting  their  business  as  to  drive  them  out 
of  the  city. 

If  the  proposal  be  to  elevate  the  main  running  lines  only,  and  to 
transfer  freight  cars  to  the  existing  tracks  by  lifts,  a  little  considera- 
tion will  show  that  the  subsequent  distribution  of  these  cars,  along 
the  ground,  either  with  capstans  or  switch  engines,  must  prove  prac- 
tically as  great  an  obstruction  to  the  street  traffic  as  now  exists. 
Moreover,  at  various  establishments,  some  distance  away  from  the 
main  yards,  there  would  be  few  cases  where  lifts  could  be  economical- 
ly worked  for  the  few  cars  received  or  shipped  each  day,  especially  as 
being  thus  cut  off  from  the  use  of  switch  engines,  they  would  have  to 
haul  the  cars  to  and  from  the  lifts  by  capstans  or  horses. 

From  my  own  observation,  I  believe  that  the  various  plans  for 
handling  cars  by  capstans  in  England  and  France  are  materially  more 
expensive  than  our  system  of  handling  freight  cars  with  switch 
engines.  It  is  cheaper  to  use  capstans  than  to  push  cars  by  hand  or 
to  haul  them  by  horses,  but  I  do  not  believe  it  is  as  cheap  as  to  move 
them  by  switch  engines.      A  short  trip  through  the  lumber  regions  in 
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this  city  will  satisfy  any  one  as  to  the  difficulties  of  moving  freight 
without  the  use  of  switches  and  switch  engines. 

But  it  is  impracticable  to  deal  in  generalities  and  to  propose  a  sin- 
gle remedy  to  be  uniformly  applied.  I  do  not  believe  that  there  is 
any  one  patent  medicine  which  can  possibly  cure  all  the  ills  of  the 
present  railway  system  in  Chicago.  Many  of  the  roads  come  in  along 
the  river,  and  there,  in  my  judgment  their  tracks  should  remain  upon 
the  ground,  while  the  streets  should  cross  overhead,  as  they  do  now. 
Railroads  that  come  m  along  the  river  or  the  lake,  where  there  is  no 
traffic  beyond  them,  should  not  be  compelled  to  raise  their  tracks. 
Where  the  tracks  are  situated  inland,  away  from  the  river  or  lake, 
and  where  the  cross  street  traffic  is  large,  some  of  the  tracks  should 
be  raised,  some  depressed,  and  some  should  remain  upon  the  ground, 
according  to  local  circumstances.  I  admit  such  a  scheme  would  be 
complicated  to  work  out,  but  it  is  to  be  regretted  that  the  Committee 
made  no  attempt  to  consider  it,  as  even  if  crude  it  might  form  a  basis 
for  future  elaboration.  It  is  to  be  regretted  that  they  have  given  us 
no  definite  plan  for  overcoming  the  difficulties  between  the  railway 
and  the  street  traffic,  by  indicating  the  localities  where  the  planes  of 
travel  can  best  be  separated  in  each  of  the  five  several  ways  which 
are  mentioned  in  the  report. 

In  point  of  fact,  the  problem  is  working  itself  out,  on  the  basis  of 
adaptation  to  local  circumstances,  and  by  special  bargains  between  the 
parties  interested;  but  it  seems  desirable  to  have  some  general  scheme 
to  work  to,  so  that  one  set  of  bargains  shall  not  interfere  with  another. 
In  this  connection,  I  would  refer  you  to  the  report  of  the  Rapid  Transit 
Committee  in  Boston,  concerning  the  proposed  rearrangement  of  the 
tracks  in  that  city.  It  is  a  very  able  document,  and  it  will  be  better 
to  examine  it  for  yourselves  than  for  me  to  try  to  tell  you  the  main 
points  in  it.  The  scheme  proposed  may  need  revision,  but  it  is  a  very 
honest  and  able  attempt  at  solving  a  problem  that  is  nearly  as  com- 
plicated as  that  of  Chicago  to-day. 

In  considering  a  plan,  a  proper  distinction  should  be  made  between 
passenger  and  freight  traffic,  chiefly  because  of  the  difference  in  the 
required  speed  of  trains.  I  think  that  where  the  roads  are  not  near 
the  river,  the  canal  or  near  the  lake,  the  passenger  tracks  should  pre- 
ferably be  elevated,  where  there  is  dense  street  traffic,  and  that  this 
would  admit  of  an  increase  of  their  urban  and  suburban  passenger 
traffic. 

Freight  tracks  would  have  to  be  dealt  with  in  a  variety  of  ways, 
and  the  most  complicated  portion  of  the  problem  will  be  how  to  deal 
with  them  so  as  to  abate  the  crossing  nuisance,  without  driving  a  good 
many  industries  from  the  city  by  increasing  the  cost  of  transacting 
their  business.       In  point  of  fact,  the  problem  in  my  mind  almost  as- 
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sunies  the  shape  of  an  inquiry  whether  a  plan  can  be  devised  which 
shall  provide  increased  facilities,  so  that  the  merchants  and  manufac- 
urers  shall  be  still  better  served,  and  that,  as  much  as  possible,  the 
goods  handled  shall  go  direct  into  the  car  from  the  warehouse,  and 
into  the  warehouse  from  the  car. 

The  raising  of  some  of  the  tracks  would  involve  a  large  expense, 
and  what  inducement  can  be  offered  to  the  railroads  to  compensate 
them  for  the  large  expense  they  would  thus  incur  to  abolish  grade 
crossings  both  with  the  streets  and  with  each  other?  I  have  some- 
times thought  that  by  granting  them  additional  privileges,  to  lay  new 
tracks  upon  certain  streets,  in  some  districts  where  the  grades  of  the 
streets  can  be  raised  so  as  to  admit  of  Railroad  traffic  being  carried  on 
under  them,  a  sufficient  inducement  might  be  offered.  The  streets 
all  being  raised  up  and  the  railroads  remaining-  on  the  ground,  the 
property  would  then  be  worth  more  for  manufactories,  than  for  the 
purpose  of  erecting  cheap  dwellings  or  neighborhood  stores  that  those 
districts  are  now  put  to.  But  such  a  plan  cannot  be  worked  up  by  a 
"commission  of  engineers",  it  can  only  result  from  a  bargain  between 
the  railroads  and  the  city,  and  it  seems  to  me  that  before  we  can  pro- 
nounce ourselves  very  clearly  upon  the  remedy  to  be  applied,  not  only 
is  it  necessary  to  consider  the  various  complications  of  the  problem, 
but  also  what  inducements  could  be  offered  to  the  railroads  to  cany 
out  a  scheme,  and  in  what  way  a  bargain  can  best  be  brought  about 
between  the  railways  and  the  city  authorities. 

Mr.  E.  L.  Corthell. 

Mr.  Chanute  has  discussed  this  matter  from  his  long  experience, 
and  no  doubt  from  the  very  careful  study  which  he  always  gives  to 
such  subjects,  but  yet  I  cannot  fully  agree  with  him  in  reference  to 
the  inability  or  expense  which  the  railroads  may  be  put  to  by  hand- 
ling the  business  of  this  city  from  an  elevated  terminal  entrance.  On 
the  Railroad  which  I  have  built  as  a  terminal  entrance  into  this  city, 
during  the  last  three  years  the  question  came  up  over  two  years  ago 
as  to  whether  it  was  practicable  to  raise  the  tracks.  The  companies 
interested  saw  that  it  was  advisable  to  do  so,  if  for  no  other  reason 
than  to  avoid  one  very  expensive  viaduct  which  the  company  was 
required  by  ordinance  to  build  involving  three  or  four  hundred  thou- 
sand dollars  expense,  and  others  which  would  soon  follow  where  the 
streets  cross  these  six  or  more  railroad  tracks.  I  think  every  one  as- 
sociated with  these  companies  was  anxious  to  raise  the  tracks.  They 
would  have  been  raised  at  that  time  if  it  had  not  been  that  about  a 
dozen  industries  were  connected  by  tracks  with  the  Chicago  &  Alton 
Railroad.  That  company  did  not  see  any  practical  way  of  handling- 
the  business  bv  an  elevated  entrance.      These  industries  wei*e  coal  and 
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lumberyards,  elevators,  planing  .mills,  and  that  variety  of  industries 
which  is  found  all  along  our  railroads  in  the  city  near  the  river.  If  I 
had  known  myself  as  much  as  I  know  now,  I  believe  I  could  have 
convinced  the  Alton  company  that  it  was  practicable  to  handle  that 
business  economically  from  elevated  tracks.  Knowing  the  special  con- 
ditions that  exist  in  nearly  all  of  the  dozen  cases  and  familiar  from  ex- 
amination of  railroad  terminals  and  the  way  cars  are  handled  in  for- 
eign countries,  and  from  examinations  of  them  in  this  country,  I  am 
satisfied  that  in  each  of  these  special  cases  an  elevated  terminal  would 
have  done  the  work.  I  would  not  have  advised  then,  nor  do  I  now, 
that  all  the  tracks  should  be  lifted  to  the  level  of  the  elevated  entrance, 
but  that  the  cars,  by  the  hydraulic  plan,  should  be  dropped  to  the  sur- 
face tracks,  and  then  by  capstans,  for  as  great  a  distance  as  it  is 
economical  to  use  capstans,  shift  the  cars  to  the  coal  yards,  etc. ,  along 
the  river  where  the  streets  do  not  interfere;  then  where  the  distance 
becomes  too  great  for  capstans  put  on  switch  engines  and  let  them 
bring  the  cars  to  the  capstans  and  let  the  cars  be  lifted  by  the  hy- 
draulic lifts  to  the  overhead  tracks. 

At  the  White  Cross  station  of  the  Midland  road,  London,  the  tracks 
cross  the  Metropolitan  District  Eailway,  which  is  an  underground  or 
depressed  railway,  and  all  the  business  from  the  White  Cross  station 
on  the  street,  above,  must  be  carried  some  little  distance  on  a  level 
from  that  station  and  then  dropped  by  hydraulic  lifts  to  the  level  of 
the  District  tracks,  and  then  be  carried  on  their  tracks  to  the  Midland 
railroad  on  the  opposite  side  to  be  put  into  trains  and  hauled  away. 
This  business  is  done  mostly  in  the  night,  for  the  reason  that  the  Met- 
ropolitan District  railway  has  an  immense  traffic  during  the  day,  and 
the  Midland  cars  cannot  cross  except  at  certain  hours.  On  an  average, 
a  loaded  car  is  lifted  and  hauled  by  capstans  to  the  terminal  of  the 
White  Cross  station  on  the  level  of  the  street  and  one  lowered  to  the 
level  of  the  Metropolitan  District  and  put  on  the  tracks  of  the  Midland 
road,  every  minute.  The  speed  with  which  this  is  done  astonishes 
every  railroad  man  that  has  examined  it. 

The  Western  Society  of  Engineers,  which  constituted  the  Commit- 
tee, the  railroads  terminating  in  Chicago,  which  encouraged  and  assis- 
ted it  in  its  examinations,  and  the  general  public,  all  had  a  right  to 
expect  from  the  Committee  after  its  two  years'  work,  something  defi- 
nite in  the  way  of  recommendations  as  to  the  solution  of  the  rail- 
way problem. 

The  Committee  should  have  given  in  its  Report  as  much  import- 
ance and  attention  to  the  railway  problem  as  to  its  related  interests. 
This  it  has  not  done,  nor  has  it  done  more  in  regard  to  the  main  ques- 
tion than  to  present  briefly  several  alternative  suggestions,  disappro- 
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ving  of  each  but  strongly  suggesting  depressed  railways  and  tunnels 
as  having  the  greatest  advantages. 

I  cannot  agree  with  the  majority  of  the  Committee  in  its  treat- 
ment of  the  railway  problem,  nor  in  its  evident  encouragement  of  the 
scheme  of  enlarging  the  waterway  to  the  seaboard  by  building  a  ship- 
canal  375  miles  long  through  New  York  State,  from  Buffalo  to  the 
Hudson  River.  As  to  the  latter  question,  I  would  ask  the  members 
of  the  Society  to  again  examine  my  paper  on  An  Enlarged  Waterway 
Between  the  Grest  Lakes  and  the  Atlantic  Seaboard,  which  was  read 
April  1,  1891.  All  of  the  routes  which  have  been  suggested  are  there 
discussed,  estimated  on,  and  the  time  and  cost  of  transportation 
given. 

I  am  decided  in  my  opinion  that  the  construction  of  an  artificial 
channel  costing  probably  $300,000,000,  is  not  only  impracticable,  but 
that  it  is  a  waste  of  time  to  discuss  the  question;  and  I  am  further  of 
the  opinion  that  the  only  possible  route  by  which  deep-draft  vessels 
may  be  carried  to  the  seaboard  is  down  the  St.  Lawrence  River.  The 
route  suggested  in  the  paper  referred  to  as  better  than  all  others,  is 
that  via  the  Ontario  Ship-railway  between  Georgian  Bay  and  Lake  On- 
tario. This  route  would  not  only  open  communication  for  deep-draft 
vessels  to  the  seaboard,  but  it  would  also  place  the  ten  United  States 
ports  which  have  rail  terminals  on  Lake  Ontario,  within  reach  of  this 
deep-draft  route.  From  these  ten  ports,  extending  from  Buffalo  to 
Ogdensburg,  the  products  destined  for  Atlantic  seaboard  ports,  from 
Portland  South  and  for  the  interior  cities  and  districts  could  be  more 
economically  and  more  advantageously  distributed  by  the  railways 
and  by  the  present  Oswego  and  Erie  canals  than  they  could  be  by  ship 
canal  extending  from  Buffalo  to  the  Hudson  River.  TI13  magnitude 
and  consequent  cost  of  the  proposed  enlargement  of  the  Erie  Canal 
will  be  appreciated  from  the  fact  that  this  ship  canal  must  take  its  wa- 
ter from  Lake  Erie,  there  being  no  adequate  supply  elsewhere.  This  re- 
quires a  uniformly  descending  gradient  from  Lake  Erie  to  the  Hudson 
River,  which  would  lift  the  water  in  the  Canal  at  some  points  fifty 
feet  above  the  water  courses  like  that  at  Seneca  River,  and  such  a 
Canal  would  require  practically  a  new  route  the  entire  distance  even 
in  the  Mohawk  Valley,  where  the  only  possible  method  of  carrying 
such  a  route  through  would  be  by  slack  water  navigation  and  the  con- 
struction of  dams  every  five  miles  or  thereabouts  across  the  dangerous 
Mohawk  River.  Even  if  such  a  ship-canal  were  built  on  the  dimen- 
sions that  have  been  proposed,  it  could  not  possibly  accommodate  the 
immense  traffic  which  its  advocates  estimate  for  it. 

As  to  the  railway  problem,  the  statements  and  opinions  of  the  ma- 
jority of  the  Committee  in  reference  to  the  subways  and  tunnels  re- 
quire discussion. 
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The  Majority  Report  itself  mentions  the  greatest  obstacles  to  be 
encountered  in  both  methods,  but  dismisses  them  as  easily  removed, 
without  stating  just  how  the  removal  should  be  accomplished.  The 
statement  that  the  open  cuttings  would  in  most  sections  of  the  City 
be  through  clay  nearly  impervious  to  water  is  not  fully  in  accordance 
with  views  expressed  in  a  recent  discussion  of  Chicago  foundations 
by  those  entitled  to  be  considered  experts  on  the  subject.  The  follow- 
ing extracts  are  from  that  discussion,   as  printed  in  the  journal  of 
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"Mr.  Purdy: — It  varies  widely,  but  it  is  stiff  and  soft  alternately. 
Generally  the  surface  clay,  that  which  comes  nearest  to  the  top  of  the 
ground  is  hard,  harder  than  below,  and  yet  under  one  of  the  buildings 
that  is  now  being  built,  one  of  my  employes  found  that  his  weight 
was  sufficient  to  push  a  shovel  its  entire  length  into  the  clay." 

"President  Cooley: — As  Col.  Burke  is  not  here,  I  will  tell  a  story 
and  attribute  it  to  him.  I  believe  that  I  can  quote  him  as  authority 
for  the  statement  that  there  are  six  or  eight  places  in  the  river  where 
they  have  dredged  down,  and  on  coming  back  they  found  that  the  bot- 
tom of  the  river  had  come  up.  This  is  ascribed  to  the  high  buildings 
in  the  city  exerting  such  a  pressure  that  the  soft  strata  are  forced  up. 
*  *  *  -::-  *  The  general  question  arises  on  account  of  the  Cit}T  be- 
ing built  to  a  certain  extent  on  a  sub-stratum  of  soft  clay,  is  that  sub- 
stratum continuous  over  the  site  of  the  city  and  is  it  desirable  to  per- 
forate through  it  by  means  of  piles  or  cylinders  with  a  view  of  reach- 
ing permanent  strata?" 

"Mr.  C.  T.  Purdy: — It  is  a  well  established  point  that  to  drive 
piles  through  a  hard  area,  letting  them  just  break  through  into  a  soft 
medium  is  bad  engineering.  It  has  been  my  experience  that  the 
strata  varies  greatly,  and  I  think  the  borings  that  have  been  made  by 
different  engineers  in  the  city  will  bear  me  out  in  that  statement." 

••Mr.  Benezette  Williams:— But  I  wish  to  say  a  word  in  regard  to 
tiie  clay  underlying  the  city,  especially  with  reference  to  what  Mr. 
Purdy  has  said.  The  experience  of  driving  tunnels  through  Chicago 
soil  is  that  on  a  given  level  and  substantially  the  same  distance  from 
the  rock,  and  the  same  distance  from  the  surface,  you  will  pass  through 
;i  very  soft  clay  into  which  you  can  run  your  finger  to  clay  of  an  en- 
tirely different  character.  The  clay  lies  in  irregular  masses  in  pock- 
ets, alternating  hard  and  soft.  Nothing  systematic  about  it.  Any 
building  that  is  founded  here  is  founded  on  just  such  material,  it  is 
not  homogeneous  or  uniform  or  in  horizontal  layers  and  it  is  a  wonder 
that  those  buildings  stand  as  well  as  they  do  to-day." 

As  the  question  of  stratification,  and  the  character  of  material  un- 
derlying the  soil  is  of  such  importance  in  this  discussion,  it  would  be 
well  to  call  not  only  upon  the  members  of  the  Society  who  have  given 
opinions  in  regard  to  it,  but  I  would  suggest  that  Gen.  William  Sooy 
Smith,  who  has  probably  had  more  practical  experience  in  the  line  of 
his  professional  work  than  any  other  man,  should  set  us  right  upon 
this  point. 

The  character  and  the  stratification  and  the  material  through 
which  the  subways  and  tunnels  must  be  built  varies  so  much  in  differ- 
ent parts  of  the  city  that  any  opinion  is  hazardous,  but  if  we  were  to 
plan  a  subway  laid  south  from  Twelfth  Street  to  Englewood,    running 
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west  of  State  Street,  where  probably  an  elevated  or  depressed  railway 
would  first  be  built,  the  material  would  be  something  as  follows,  on 
an  average,  with  wide  and  constantly  changing  variations: 

For  a  distance  of  about  six  feet  below  the  street  level  we  would 
find  filled  material.  There  then  would  be  six  or  eight  feet  of  sand,  and 
then  from  one  to  four  feet  of  hard  blue  clay,  then  soft  blue  clay, 
changing  constantly  in  consistency  to  a  depth  of  forty  or  fifty  feet 
until  we  reach  the  material  immediately  overlying  the  rock. 

Between  Englewood  and  Twelfth  Street  there  are  over  fifty  streets 
crossing  the  line  of  this  depressed  road,  which  have  sewers  in  them 
varying  from  one  to  seven  feet  in  diameter,  the  grades  of  which  are 
from  eight  to  twelve  feet  below  the  established  street  grade.  Most 
of  these  streets  have  water  pipes  also  which  lie  from  five  to  ten  feet 
below  the  grade,  also  gas  mains  which  are  at  a  lesser  depth.  The  top 
of  the  rails  of  a  depressed  railroad  should  be  at  least  eighteen  feet  in 
the  clear  below  the  underneath  side  of  the  street  bridges,  or  about 
twenty  feet  belo  v  the  street  grade,  with  an  additional  depth  for  drain- 
age. The  bottom  of  the  excavation  will  therefore  be  eight  or  ten  feet 
below  the  water  level  of  the  Lake.  All  falling  and  seep  water  must 
be  pumped  out  by  steam  or  other  power.  All  sewer  water  also  must 
be  pumped  by  the  same  method,  for  the  suggestion  of  the  majority  of 
the  Committee  that  syphons  might  do  the  work  could  hardly  be  car- 
ried out  in  practice  as  there  is  not  sufficient  fall  or  head  to  work 
syphons. 

The  cost  of  constructing  a  four  track  subway  through  the  varied 
material  above  described,  providing  pumping  arrangements  for  water 
and  sewerage ,  cutting  and  changing  all  sewers  and  pipes  of  every  kind 
and  building  the  street  bridges,  would  no  doubt  exceed  the  cost  of  an 
elevated  railroad  for  the  same  number  of  tracks. 

In  comparing  this  method  of  a  subway  with  that  of  a  four  track  el- 
evated railroad,  the  fact  that  the  latter  when  constructed  with  its 
solid,  water-tight  floor,  has  the  same  space  underneath  all  ready  for 
tracks,  yards,  storehouses,  warehouses  and  all  the  other  business  re- 
quired, in  connection  with  the  upper  level  tracks,  should  be  taken  in- 
to consideration.  It  is  suggested  by  the  majority  Report  that  the  en- 
tire area  over  the'  sub  way  tracks  could  be  floored  over.  The  cost  of 
doing  this  should  be  added  to  the  cost  of  the  subway  to  make  a  fair 
comparison  with  the  elevated  method,  and  if  it  were  done  there  would 
result  a  tunnel  with  its  dark  and  vitiated  air  instead  of  daylight  and 
the  pure  air  of  the  elevated  structure. 

A  tunnel  or  partially  covered  subway  cannot  be  kept  free  from 
smoke  and  gas.  Those  accustomed  to  the  air  in  the  Metropolitan 
District  roads  of  London  will  appreciate  this.  Nor  would  the  air  in  the 
tunnel,  even  if  it  were  operated  by  electricity,  be  free  from  impurities; 
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nor  would  the  air  be  whole  sortie.  The  air  in  the  tunnel  under  the 
Thames  in  London  is  not  pure  air.  The  Sarnia  tunnel  under  the  St. 
Clair  River,  although  coke  is  used  instead  of  coal,  is  so  filled  with  gas 
and  foul  air  that  the  brakemen  on  the  freight  trains  can  scarcely  live 
in  it.  Almost  any  tunnel  that  might  be  mentioned  in  the  case,  is  ob- 
jectionable on  account  of  gas  and  smoke  and  bad  air.  In  the  St.  Lou- 
is tunnel  especially  in  warm  weather,  the  air  is  so  bad  that  it  is  a  fre- 
quent occurrence  for  ladies  to  faint  while  going  through.  The  win- 
dows and  ventilators  shut,  in  order  to  go  through  the  tunnel  and  not 
breathe  noxious  gases.  About  a  week  ago  I  came  through  the  tunnel 
at  Baltimore,  and  while  it  has  two  or  three  good  ventilating  shafts, 
yet  it  was  exceedingly  annoying  to  pass  through  the  tunnel  on  ac- 
count of  smoke  and  gas. 

In  presenting  the  minoritj'  Report  in  which  definite  methods  by  an 
elevated  structure  are  given,  I  base  my  statements  and  opinions  on 
examinations  of  many  of  the  terminals  in  Europe.  I  remember  very 
well  at  Antwerp,  and  many  other  places,  of  taking-  special  note  of  just 
such  methods  by  which  the  traffic  is  handled  by  means  of  cranes  and 
lifts  and  moved  to  the  exact  point  where  it  is  wanted,  and  moved  very 
quickly  on  tracks  to  be  elevated  or  lowered,  as  required.  I  am  confi- 
dent that  the  principle  of  handling  traffic  by  this  method  can  be  adapt- 
ed to  every  possible  special  case  that  may  arise  in  this  city  even  where 
it  is  absolutely  necessary  or  best  to  maintain  the  tracks  on  the  present 
surface,  as  at  some  of  the  grain  elevators  and  industries  of  various 
kinds,  as  well  as  some  of  the  river  piers  and  docks.  The  loaded  or 
empty  cars  can  at  very  small  expense  and  with  perfect  convenience 
and  with  no  appreciable  loss  of  time,  be  transferred  from  the  high  to 
the  low  level  and  then  run  out  into  these  building's  and  yards  by  the 
means  so  skilfully  employed  in  Europe,  by  hydraulic  capstans,  trav- 
ersers and  turn-tables,  and  they  can  be  then  handled  by  cranes  and 
lifts  at  will.  Hydraulic  power  in  handling  cars  and  freight  is  immeas- 
urably superior  to  hand  labor,  no  matter  how  conveniently  the  latter 
works.  The  general  results  and  opinions  in  Europe,  so  far  as  my  ob- 
servations and  inquiries  went,  are  that  it  costs  less  than  one-half,  and 
that  in  very  many  cases  the  business  could  not  be  handled  at  all  by 
manual  labor.  Comparing  steam  and  hydraulic  cranes,  the  latter  are 
much  less  expensive.  In  the  five  years  from  18751  to  1880,  at  the  Port 
of  Calcutta  where  steam  and  hydraulic  cranes  worked  along  side  of 
each  other  the  cost  per  hour  of  the  steam  cranes  averaged  four  times 
that  of  the  hydraulic  cranes. 

The  question  might  be  asked,  how  could  bulky  freight  be  handled, 
such  as  machinery,  bridge  girders  of  great  length,  long  piles  and  other 
such  freight.  The  hydraulic  system  when  once  completed  is  capable 
of  indefinite  extension  and  great  variaties.       In  addition  to   the  lifts 
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for  the  cars  described  in  my  minority  Report,  cranes  worked  by  tho 
same  power  can  be  placed  on  the  upper  or  lower  level  and  these  bulky 
freights  be  lowered  or  raised  outside  of  the  main  structure  and  be 
placed  on  cars  or  on  trucks,  as  may  be  desired.  These  cranes  can  be 
located  at  points  where  it  is  found  most  convenient  to  handle  such 
freight,  and  they  could  be  so  arranged  as  to  run  on  tracks  with  flexi- 
ble water  connections,  as  at  many  of  the  docks  and  railroad  terminals 
in  Europe. 

It  is  due  to  all  of  the  interests  for  whom  we  have  undertaken  this 
examination  and  the  solution  of  this  railway  problem,  that  we  should 
bring  to  the  subject  our  very  best  skill  and  all  the  knowledge  which 
we  have  obtained  by  reading  or  by  observation,  and  I  think  it  is  desir- 
able that  experts  should  be  invited  to  contribute  to  the  discussion  of 
this  report,  and  when  the  discussion  is  completed,  I  would  suggest  al- 
so that  the  Secretary  of  the  Society,  or  perhaps  some  one  selected 
specially  for  the  purpose,  make  a  digest  of  the  reports  and  discussson 
in  order  that  the  salient  features  may  be  brought  out  in  suitable  form 
for  the  benefit  of  all  interested. 

Mr.  A.  Gottlieb. 

The  subject  of  the  report  is  so  important  and  so  vast  it  can  hardly 
be  done  justice  to  in  a  few  minutes,  and  so  vital  to  our  city,  that  a 
man  must  be  careful  in  expressing  his  views,  if  he  wishes  to  say  any- 
thing about  it.  I  have  read  the  majority  report  and  the  minority  re- 
ports very  carefully. 

I  agree  in  one  respect  with  Mr.  Corthell,  namely,  that  the  majority 
report  treats  so  constantly  of  our  Harbor  and  River  facilities,  and 
devotes  but  a  very  little  portion  to  the  Railroad  Problem.  I  find  that 
over  twenty  pages  of  the  majority  report  contain  matter  with  refer- 
ence to  the  River  and  Harbor,  and  only  about  eight  pages,  and  that 
in  a  very  general  way,  treat  about  the  Railroad  system.  There  are 
thirteen  tables  attached  to  this  report  showing  the  immense  traffic  on 
the  lake  and  river,  and  not  a  single  table  showing  the  important  traf- 
lic  on  the  streets  in  the  City  of  Chicago.  I  think  that  the  Committee 
should  have  considered  that,  while  we  are  well  acquanted  with  the 
traffic  here,  the  general  public  outside  of  Chicago  is  not. 

We  have  here  a  city  in  less  than  one  square  mile,  composed  wholly 
of  business  streets.  Take  the  district  from  the  river  on  the  west  side 
to  the  lake  on  the  east,  and  from  the  north  branch  of  the  river,  or 
South  Water  street,  to  Twelfth  street,  and  it  is  about  what  we  call 
the  business  district  of  the  city,  and  it  would  be  astonishing  to  know 
how  many  passengers  are  brought  into  this  district  in  the  two  hours 
in  the  morning,  and  taken  out  in  the  evening,  by  the  steam,  street  and 
cable  cars.       Our  suburban  traffic  and  passengers  that  are  brought  in 
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by  the  steam  railroads,  is  a  subject  that  very  few  of  us  have  a  cor- 
rect idea  of,  and  I  would  like  to  see  papers  coming  forward  in  order  to 
prove  the  necessity  of  something  being  done. 

The  question  is,  What  can  be  done?  The  outlay  of  money  will  be 
immense,  no  matter  what  is  done.  We  should  recommend  feasible 
ways,  which  could  be  carried  out  without  imposing  great  burdens  on 
the  railroads,  and  some  way  devised,  in  fact,  that  other  interests 
might  contribute  to  the  outlay  of  changing  the  present  system.  In 
that  respect  I  agree  with  Mr.  Corthell  on  a  system  of  elevated  roads, 
instead  of  depressed  subways,  and  that  they  would  ultimately  have 
the  passenger  traffic.  It  is  the  passenger  traffic  which  I  have  in  view, 
because  it  needs  to  be  handled  rapidly.  Freight  does  not  need  to  be 
handled  rapidly,  but  passengers  must  be  handled  rapidly,  and  with 
safety  to  themselves  and  safety  to  the  people  crossing  tracks  and 
streets. 

In  the  second  place,  the  elevated  roads  do  not  need  to  be  established 
through  the  whole  city,  but  through  certain  districts  only,  and 
beyond  those  districts,  tracks  could  be  elevated  partly  and  streets 
depressed  partly;  and  so  it  would  be  a  very  small  outlay  comparative- 
ly, and  by  combining  the  two  systems  I  think  immediate  relief  could 
be  obtained  on  a  great  many  of  the  railroads  and  they  could  be  extend- 
ed as  the  city  grows  up  and  builds  up. 

As  far  as  the  system  of  three  great  traffic  lines  is  concerned,  I 
would  substitute  five,  for  this  reason:  We  have  at  present  six  termi- 
nal stations  in  the  city,  and  so  far  as  I  know  only  one,  the  Illinois 
Central,  which  is  on  the  lake  has  no  traffic  crossing  their  tracks,  ex- 
cept far  out.  The  other  five  railroads  have  formed  combinations  with 
companies  which  are  on  friendly  terms  with  those  railroads,  who  own 
rights  of  way  leading  towards  those  terminal  stations,  and  other  cost- 
ly properties  along  those  lines,  that  it  would  be  difficult  for  them  to 
have  only  one  station  on  the  West  side  and  one  on  the  North  side,  and 
they  would  not  accommodate  the  great  traffic. 

I  would  say,  in  a  general  way,  I  think  that  the  elevated  railroad 
system  would  be  a  proper  solution  of  this  question,  but  as  Mr.  Chanute 
says,  it  is  hardly  possible  that  any  one  thing  would  cure  the  difficulty. 
Under  any  circumstances,  I  would  say  for  the  present  the  freight 
traffic  should  be  left  alone,  on  the  level  of  the  ground,  as  there  are 
so  many  interests  connected  with  it  which  could  not  be  served  by  an 
elevated  system,  and  before  we  come  to  the  hydraulic  lift  system  it 
will  be  a  long  time.  Our  railroad  systems  are  entirely  different  from 
those  in  Europe  Those  European  railroads  -  -  -  roads  hundreds  and 
thousands  of  miles  long  have  the  same  owners  to-day  as  fifty  years 
ago,  are  largely  owned  by  the  States.  Those  owners  are  able  to  im  - 
prove  their  property  in  every  possible  way,  while  most  of  our  roads 
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chauge  hands  frequently.  The  improvements  they  think  of  are  such 
as  are  absolutely  necessary  to  keep  the  road  running.  As  long  as 
that  is  the  case,  you  cannot  expect  millions  will  be  expended  in  carry- 
ing on  i  nprovements.  It  may  be  done  when  we  are  on  the  same  foot- 
ing and  under  the  same  conditions  as  those  European  railroads,  but  to 
make  the  rule  general,  I  do  not  believe  it  can  be  done.  So  I  say  that 
to  try  to  obtain  the  possible  is  better  than  to  study  lifts,  which  under 
the  circumstances  are  not  likely  to  be  adapted  generally.  Elevate 
the  passenger  traffic  and  let  the  freight  be  where  it  is  for  the  present, 
and  that  will  solve  the  problem  for  a  good  many  years. 

I  would  say,  that  while  the  freight  traffic  might  remain  on  the 
ground,  it  is  greatly  relieved  now,  and  can  still  be  more  relieved  by 
transfer  yards  outside  of  the  city,  and  no  doubt  a  policy  will  be  de- 
vised for  the  future  that  will  bring  still  more  relief  than  we  have 
to-day. 
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WESTERN  SOCIETY  OF  ENGINEERS. 


293bd.  Meeting,  Jtjxe  15,  1892:— The  293rd.  meeting  of  the  Society, 
being  a  Special  Meeting  for  the  continuation  of  the  discussion  of  the 
Report  of  committee  on  "The  Railway  Problem  of  Chicago  etc.,  etc,"  was 
held  at  the  rooms  of  the  Central  Traffic  Association,  The  Rookery,  on 
Wednesday  evening,  June  15,  1892,  at  8  P.  M. 

President  Randolph  called  the  meeting  to  order  and  explained  its  ob- 
ject. Minority  reports  were  read  from  Mr.  E.  L.  Corthell  and  Mr.  Isham 
Randolph.  The  discussion  was  then  continued  by  Mr.  O.  Cbanute,  Mr. 
E.  L.  Corthell,  Mr.  A.  Gottlieb  and  Mr.  A.  W.  Wright. 

The  meeting  then  adjourned.  John  W.  Weston,  Secretary. 


The  Annual  Summer  Meeting  of  the  Society,  held  on  September  1st., 
comprised  a  railway  trip  over  the  B.  &  O.  tracks  to  the  World's  Fair 
grounds  at  Jackson  Park,  by  the  courtesy  of  the  officials  of  the  Baltimore 
&  Ohio  Railroad  Co.,  an  inspection  of  the  buildings  as  far  as  time  would 
permit,  and  a  lunch,  served  in  the  Mines  and  Mining  Building,  by  the 
courtesy  of  the  World's  Columbian  Exposition  Executive.  The  following- 
program  me  covered  the  days  exercises  which  were  participated  in  by 
some  200  members  and  guests. 

Members  and  guests  took  B.  &  O.  Special  train  at  9: 30  A.  M.  at  Grand 
Central  Station  and  reached  the  World's  Columbian  Exposition  grounds 
between  11  and  12;  they  spent  the  time  until  2  P.  M.  about  the  buildings- 

At  luncheon  in  the  Mines  and  Mining  Building  the  order  of  exercises 
was  as  follows: 

Music,  Mandoline  Orchestra;  Addiess  of  Welcome: — Isham  Ran- 
dolph; Christopher  Columbus:— T.  B.  Bryan;  The  Architects  of  Chica- 
go:—W.  L.  B.  Jenney:  The  Electricians  of  Chicago:— Mr.  De  Land; 
.The  Wife  of  the  Engineer:— Gen'l  Wm.  Sooy  Smith;  The  Engineer's 
Sweetheart:— W.  L.  Stebbines;  The  Western  Society  of  Engineers:  — 
Prof.  Ira  O.  Baker;    Toastmaster:— Willard  A.  Smith. 

At  5  P.  M.  train  was  taken  for  Chicago  which  terminated  a  pleasant 
meeting.  John  W.  Weston.  Secretary. 


294th.  Meeting,  September  7,  1892:— The  294th.  meeting  of  the  So- 
ciety was  held  at  the  rooms  of  Central  Traffic  Association,  The  Rookery, 
on  Wednesday  evening,  September  7th.  1892,  at  8  P.  M.  President  Ran- 
dolph in  the  chair  and  some  20  members  present. 

The  minutes  of  the  last  meeting  were  approved,  and  the  Secretary 
reported  that  the  Board  of  Directors  had  met  on  two  occasions  with  the 
committee  on  "Amendments  to  the  Constitution  and  By-laws"  and  that 
work  was  still  under  consideration. 
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Mr.  Appleton,  chairman  of  the  above,  committee  reported  progress 
and  expected  fully  to  have  the  matter  ready  for  presentation  at  the  Oc- 
tober meeting  of  the  Society  in  order  that  a  final  vote  may  be  had  in  timo 
for  December  business. 

Mr.  D.  C.  Cregier  for  the  Committee  on  Ericsson  Monument  stated  that 
the  committee  was  not  yet  fully  organized. 

Mr.  G.  A.  M.  Liljencrantz.  chairman  of  committee  on  "'Badge,  Seal 
etc."  presented  a  report. 

A  general  discussion  ensued  on  the  subject,  Mr.  D.  G.  Cregier  suggest- 
ing that  so  far  as  the  Seal  was  concerned  he  saw  no  object  and  much  in- 
convenience, with  many  possible  legal  requirements  in  effecting  a  change. 

A  motion  was  carried  that  "The  committee  on  'Seal,  Badge  etc.,'  em- 
body in  their  report  their  recommendation  relative  to  the  change  of  the 
Seal." 

Some  further  discussion  ensued  on  the  changes  in  the  design  of  the 
Diploma,  but  no  final  action  was  taken. 

The  secretary  then  read  a  letter  from  the  American  Society  of  Civil 
Engineers,  asking  the  assistance  of  the  Secretary  in  the  work  of  obtaining 
papers  for  the  "Engineering  Congress"  in  connection  with  the  World's 
Columbian  Exposition  of  1892. 

The  Secretary  earnestly  urges  members  of  the  Western  Society  desir- 
ing to  present  papers  to  communicate  with  him  without  delay. 

Mr.  G.  A.  M.  Liljencrantz  then  offered  the  following  resolution  which 
was  unanimously  carried: 

Resolved,  that  the  thanks  of  this  Society  are  due  and  hereby  ten- 
dered to  the  Board  of  Control  of  the  World's  Columbian  Exposition  and  to 
the  official  Staff  of  the  same  for  the  freedom  of  the  grounds  and  buildings 
and  courtesies  extended  to  the  members  and  guests  of  this  Society  on  the 
occasion  of  their  annual  outing  on  Thursday  Sept.  1st. 

The  meeting  then  adjourned. 

A  working  model  of  an  improved  Stone  Hoisting  and  Setting  Machine 
by  Mr.  G.  Hunter,  of  Chicago,  was  set  up  for  the  inspection  of  the  mem- 
bers at  this  meeting,  and  the  improvement  explained  by  Mr.  Hunter. 

Adjourned.  John  W.  Weston,  Secretary. 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


368th.  Meeting,  Septembek  21,  1892:— The  club  met  at  8  P.  M., 
September  21,  1892,  at  the  club  rooms,  President  Johnson  in  the  chair,  and 
26  members  and  3  visitors  present.  The  minutes  of  the  367th  meeting 
were  read  and  approved.  The  Executive  Committee  reported  the  doings 
of  its  133rd  and  134th  meetings. 

Upon  motion  it  was  decided  that  Mr.  Eayrs,  who  while  Vice-Presi- 
dent of  the  Club,  had  resigned  owing  to  removal  from  the  city,  be  permit- 
ted to  resume  his  membership  by  withdrawing  his  resignation  and  paying 
dues  for  the  current  year. 

It  was  moved  and  carried  that  the  chair  appoint  a  special  committee 
to  consider  ths  question  of  future  quarters. 

The  secretary  was  requested  to  notify  the  club  that  the  subject  of 
change  of  quarters  would  be  brought  up  for  action  at  the  next  meeting. 

Prof.  W.  B.  Potter  then  read  the  paper  of  the  evening  on  "Water 
Supplies  for  Large  Cities".  The  paper  described  the  sources  of  our  water 
supplies  and  showed  the  differences  in  mineral  contents  as  affected  by  the 
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nature  of  the  rocks  which  it  met;  in  the  Eastern  cities  where  the  supply 
passed  over  the  granite  rocks  the  mineral  matter  is  small,  while  in  the 
West,  where  limestones  and  clays  are  met  with  the  amount  is  large.  The 
different  methods  of  filter  were  described  and  their  uses  shown.  The 
question  of  boiler  scales  was  noticed  and  the  preventatives  considered. 

After  mentioning  the  evil  effects  due  to  the  presence  of  large  amounts 
of  lime  the  more  important  organic  impurities  were  fully  discussed. 

The  nature  and  character  of  the  impurities  found  in  the  four  classes 
of  water  supply,  rain,  surface  ground  and  deep  water,  were  dwelt  on  in 
detail. 

A  number  of  tables  were  exhibited  showing  the  water  supplies  of  the 
larger  cities  of  the  country. 

Discussion  followed  by  Messrs.  Flad,  Johnson,  Seddon,  Potter. 
Wheeler.  Crosby  and  Russell. _ 

Adjourned.  Arthur  Thactier,  Secretary. 


CIVIL  ENGINEERS  SOCIETY  OF  ST.  PAUL. 


October  3,  1892: — Regular  meeting  of  Society  was  held  at  8:15  P.  M., 
seven  members  present.  President  Woodman  in  the  chair.  Minutes  of 
preceding  meeting  read  and  approved. 

Secretary  was  instructed  to  ascertain  from  the  Society  representative 
on  the  Executive  Committee  of  Engineering  Societies,  Columbian  Exposi- 
tion, the  progress  of  said  committees  work  and  what  further  requirements 
our  Society  is  expected  to  meet. 

The  question  of  a  trip  to  Duluth  by  Twin-City  Engineers  was  broach- 
ed and  President  Woodman  and  Mr.  Munster  were  chosen  as  a  committee 
of  arrangements. 

William  R.  Mansel,  John  S.  Beeston  and  Chas.  A.  Hunt  were  elected 
to  membership. 

Adjourned.  C.  L.  Amam,  Secretary. 


WISCONSIN    POLYTECHNIC    SOCIETY. 


I'jiii.  Meeting,  September  1:.'.  1892:—  The  Meeting  was  called  to 
order  at  8:30  by  President  Bcnzenberg,  with  12  members  present. 

In  the  order  of  regular  business,  nothing  of  special  importance  trans- 
acted. 

Motion  made  and  carried  to  pay  into  the  treasury  of  the  Association 
of  Engineering  Societies  837.50. 

Nothing  teported  by  any  of  the  special  committees  and  no  papers  pre- 
sented for  reading. 

General  discussion  on  street  pavements. 

Mr.  Benzenberg  in  opening  the  discussion  remarked  that  one  reason 
for  the  very  bad  condition  of  pavements  in  Milwaukee  was  that  the  cost 
of  the  original  pavement  was  borne  by  the  property  owner,  and  as  a  con- 
sequence was  almost  invariably  cheap,  poorly  made,  and  short  lived.  To 
make  renewals  and  repairs  the  ward  fund  is  drawn  on,  but  this  is  gener- 
ally too  limited  to  carry  out  necessary  work,  and  when  not  so  is  frequently 
made  more  or  less  useless  or  unavailable  because  of  petitions  from  the 
ward  to  the  council  calling  for  cheap  pavements.    There  should  be  a  gen- 
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eral  street  fund  to  draw  from  so  that  work  of  a  character  suited  to  the 
traffic  in  any  part  of  the  City  could  be  carried  out  in  a  manner  to  meet 
actual  requirements.  Brick  pavements  are  generally  unsatisfactory, 
even  when  special  paving  brick  which  prove  equal  in  strength  to  granite, 
are  used.  Heavy  traffic  is  very  severe  because  of  heavy  concentrated 
loading,  which  splinters  the  brick  at  the  edges.  A  heavy,  well  shod  horse, 
iu  fly  time,  is  still  more  severe  and  destructive. 

Of  all  kinds  of  paving  sheet  asphalt  is  undoubtedly  the  best,  as  it  has 
the  advantage  of  being  smooth,  noiseless,  easily  repaired,  and  the  expense 
of  cleaning  is  much  below  that  of  any  other  pavement,  while  from  a  sani- 
tary point  of  view,  it  is  unsurpassed.  A  good  pavement  of  this  character 
should  last  all  the  way  from  15  to  17  years.  A  good  concrete  foundation 
is  all  important  with  any  kind  of  paving  and  when  this  is  secured  repairs 
and  renewals  are  easily  made.  In  Denver  this  pavement  was  put  in  at 
the  rate  of  V/i  blocks  per  day.  The  material  will  become  solid  in  half  an 
hour,  arid  the  entire  street  is  turned  over  to  public  traffic  one  day  after 
being-laid,  even  when  the  temperature  of  the  atmosphere  reaches  102  to 
105  degrees  in  the  shade. 

Much  of  the  sand  stone  pavement  in  Cleveland  and  Buffalo  has  been 
replaced  by  sheet  asphalt  with  most  pleasant  and  satisfactory  results. 
Cedar  block  does  not  last  more  than  6  to  7  years  at  best.  All  kinds  of 
block  paving,  whether  of  wood,  stone,  granite  or  block  asphalt  generally 
begins  to  fail  at  the  interstices,  material  is  split  and  crumbled  by  heavy 
loading  and  especially  by  horse  shoe  calks. 

At  10:30  motion  was  made  to  adjourn.       Carried. 

M.  A.  Beck,  Sec'y  pro.  tem. 


20th.  Meeting,  October  10,  1892: — Fifteen  members  present.  The 
president  and  Vice-presidents  being  absent,  Mr.  Johnson  was  chosen 
Chairman. 

The  treasurer  reported  a  number  of  delinquent  members.  It  was 
moved  that  time  be  given  them  until  next  meeting.    Carried. 

No  paper  being  presented  for  reading,  the  discussion  on  "Wheel 
Records"  was  taken  up.  Mr.  Barr  explained  the  original  object  of  his 
paper,  from  which  the  discussion  on  the  evening  when  it  was  read  di- 
verged considerably.  The  object  of  the  paper  was  the  "Wheel  Record'- 
in  itself,  not  the  merits  or  demerits  of  the  cast  iron  or  steel-wheel.  Much 
time  and  money  is  expended  in  keeping  records,  yet  many  of  them  fail  as 
to  their  efficiency,  both  for  want  of  accuracy  and  for  lack  of  information 
bearing  upon  the  nature  of  wheels.  Therefore,  his  endeavors  had  been 
to  establish  a  record  which  contains  all  necessary  data  for  scientific  and 
practical  investigations  and  conclusions. 

Mr.  Johnson's  question:  Why  is  steel  used  so  largely  in  Europe  in 
preference  to  iron?  again  leads  the  discussion  in  the  former  channel. 
Mr.  Barr  offers  two  reasons:  First,  Europe,  with  the  exception  of  Aus- 
tria and  Sweden, 'has  practically  no  charcoal  iron;  secondly,  in  Europe 
public  opinion  is  entirely  in  favor  of  steel,  which  is  not  the  case  in  this 
country.  Records  on  the  Pennsylvania  and  St.  Paul  Railroads  show  a 
larger  percentage  of  steel  wheels  broken  than  cast  iron  wheels,  and  close 
observers  of  the  matter  seem  to  entertain  a  revulsion  rather  than  a  pref- 
erence to  the  steel  wheel.  Charcoal  iron  was  used  for  wheels  in  the  begin- 
ning of  their  manufacture  in  this  country;  at,  present  a  No.  5  iron  is  gen- 
erally  used.      American  cast  iron   as  a  rule  is  twenty  per  cent,  stronger 
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than  European  cast  iron.  The  discussion  then  verging  into  details  of 
properties,  manufacture  and  working  of  _car  \vheels,  was  taken  part  in  by 
Messrs.  Johnson.  Scholtka.  Beck,  Birkholz.  In  conclusion  the  chairman 
extended  the  thanks  of  the  Society  to  Mr.  Barr  for  the  interesting 
remarks. 

Mr.  Johnson  announces  that  the  Electrical  Club  will  have  its  annual 
banquet  Thursday  October  27th.,  and  that  the  Club  extends  the  invitation 
to  the  Society  to  participate.  Upon  Mr.  Barr's  motion,  the  thanks  of  the 
Society  are  expressed  for  the  invitation  and  the  Secretary  instructed  to 
send  out  notices  to  the  members  of  the  Society  in  regard  to  the  matter, 
requesting  an  answer  before  Thursday,  October  20th. 

Adjourned.  M.  A.  Schinke,  Secretary. 


Editors  reprinting  articles  from  this  journal  are 
requested  to  credit  both  the  JOURNAL  and  the 
Society  before  which  such  articles  were  read. 
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This  Association,  as  a  body,  is  not  responsible  for  the  subject  mailer  of  any  Society 
or  for  statements  or  opinions  of  any  of  its  members. 


THE  FINANCIAL  STATUS  OF  THE  ENGINEER. 


Discussion  before  the  Civil  Engineers'  Club  of  Cleveland. 


[  June  14,  1892.     See  March  issue  for  original  paper.  ] 
After  reading'  his  annual  address,  Mr.  Gobeille  spoke  as  follows: 

This  subject  has  not  been  handled  as  it  should  have  been  for  gener- 
al discussion,  for  I  had  no  thought  that  my  address  would  come  before 
you  in  this  manner. 

Let  us  suppose  a  case: — Two  men  are  in  sole  possession  of  an  island; 
one  is  strong,  robust,  athletic:  the  other  not  a  deformed  man,  but 
weaker,  and  of  a  less  stern  disposition  and  feebler  constitution.  The 
strong  man  goes  out  to  seek  game;  because  of  his  strength  he  quickly 
secures  a  supply:  the  weaker  brother  is  unable  to  secure  any  desirable 
food.  What  is  the  result?  The  weaker  becomes  the  slave  of  the 
stronger.  He  prepares  the  food,  cooks  it  and  serves  it  to  the  stronger 
one,  thereby  insuring  his  own  sustenance  and  perhaps  his  lease  of  life, 
for  he  is  absolutely  in  the  power  of  the  strong  man: — but  game  be- 
comes scarce,  the  animals  and  birds  learn  that  man  is  their  enemy  and 
they  become  more  and  more  difficult  to  outrun  or  surprise,  especially 
the  desirable  kinds.  The  weaker  brother  sees  this.  He  invents  and  pre- 
pares a  cross-bow,  which,  though  of  rude  design,  is  adapted  to  hurl  ar- 
rows for  some  distance  from  the  point  of  dismissal.  Now  the  tables 
are  turned.  With  the  cross-bow  in  his  hands  he  goes  out  and  procures 
game  easily,  and  turning  it  towards  the  strong  man,  bids  him  prepare 
the  food  and  be  the  slave;  the  socialistic  idea  is  that  all  men  should 
share  equally,  not  in  proportion  to  their  strength  or  ingenuity,  but 
simply  in  a  per  capita  ratio,  but  is  this  true  in  fact? — not  at  all, — no- 
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thing  is  equally  distributed  in  this  world;  the  man  of  intellect,  the 
man  who  invented  the  cross-bow  and  subjugated  his  stronger  bro- 
ther has  but  a  short  lease  of  kingship;  he  must  need  sleep,  and  while 
asleep  the  stronger  brother  possesses  himself,  not  only  of  the  prestige 
he  formerly  enjoyed,  but  the  very  thing,  the  product  of  the  weaker 
brother's  brain  and  hand,  without  which  he  would  remain  a  slave  and 
a  servant.  In  a  social  system  such  as  ours,  it  is  necessary  for  the  in- 
ventive and  educated  man  to  associate  with  himself  the  strong  man  of 
business  as  a  partner,  that  he  may  be  guarded  while  he  sleeps:  that  he 
miay  be  protected  while  his  weapon  is  temporarily  from  his  side  or  be- 
ing repaired  or  from  other  causes  useless  for  defense,  and  yet,  strange 
anomaly,  the  man  of  education,  the  man  of  talent  and  research  stead- 
fastly refuses  to  associate  with  himself  the  man  of  business  because  it 
would  be  unprofessional,  he  prefers  to  go  alone,  and  the  result  is  pre- 
ciselj"  as  I  have  indicated  in  my  annual  address.  He  goes  alone  to  the 
disadvantage  of  himself  and  to  the  emolument  of  him  who  chooses  to 
exploit  him  for  his  brains  and  its  inventions.  If  the  world  were  right, 
the  learned  man  would  be  superior  to  the  man  of  brawn  and  brass,  but 
the  world  is  not  right;  the  millenium  is  still  a  long  way  off,  and  the 
only  thing  the  engineer  can  do  to  protect  the  children  of  his  fancy  and 
of  his  long  years  of  study,  is  to  form  an  alliance  with  the  very  one 
who  would  steal  them  if  he  could. 

To  an  audience  like  this,  it  is  unnecessary  to  give  a  single  example 
showing  the  truth  of  this  parable;  a  hundred  questions  could  be  asked, 
the  answer  to  which  would  be  a  proof  and  exemplification  of  its  truth. 

My  complaint  is  that  Engineers,  in  the  legitimate  practice  of   their 
profession,  are  notoriously  underpaid,  principally  because  their  train- 
ing unfits  them  for  property  marketing-  what  they  have  to  sell. 
Wm.  H.  Searles. 

The  paper  under  discussion  has  described  tersely,  a  state  of  things 
well  recognized  among  American  engineers.  The  reasons  for  the  mod- 
est rewards  that  usually  fall  to  the  engineer  are  not  far  to  seek.  They 
are  to  be  found:  first,  in  the  training  of  his  mind  in  the  abstractions  of 
mathematics  and  mechanical  and  physical  science,  which  deal  not  at 
all  with  commercial  values  nor  the  art  of  money  getting.  Neither 
political  economy  nor  personal  profit  forms  any  part  of  the  curricu- 
lum he  follows.  His  graduating  thesis  may  deal  exhaustively  with 
the  forces,  external  and  internal,  affecting  an  engineering  design,  and 
demonstrate  carefully  the  true  proportion  of  parts,  yet  give  no  hinta,s 
to  the  probable  cost  of  the  structure,  nor  as  to  its  commercial  value 
when  completed. 

While  the  accepted  definition  of  engineering  can  hardly  be  impro- 
ved upon,  its  common  application  is  defective  in  that  the  money  power 
of  the  world  is  not  usually  included  among  those  forces  which  the  en- 
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gineer  is  expected  to  control  for  the  benefit  of  man.  As  the  mere  rea- 
ding of  the  theory  of  Mechanics,  and  study  of  its  algebraic  formulas 
without  a  personal  experience  as  to  the  nature  and  strength  of  mate- 
rials do  not  make  one  a  practical  engineer,  so  both  study  and  practice 
on  these  lines,  without  familiarity  with  the  prices  and  relative  values 
of  materials  and  methods,  and  with  the  commercial  value  of  finished 
designs,  do  not  make  the  engineer  an  expert  whose  opinions  as  well  as 
services  will  be  in  demand.  The  technical  schools  might  well  enlai'ge 
their  courses  so  as  to  give  the  student  some  idea  of  market  values, 
and  prepare  him  for  an  intelligent  discussion  of  those  economies  of 
construction  that  he  will  necessarily  have  to  meet  in  practice. 

Secondly,  the  small  pecuniary  rewards  of  the  average  engineer 
grow  out  of  the  nature  of  the  engagements  he  makes,  and  the  relation 
in  which  he  stands  to  his  employer.  It  is  a  general  law  of  trade  that 
he  who  serves  on  the  profit  side  fares  better  than  one  who  serves  on 
the  side  of  expense,  though  the  latter  man  may  be  indispensable  in  his 
place.  Thus,  a  salesman  on  the  road,  coming  between  a  firm  and  its 
customers,  may  receive  a  large  salary  and  commissions,  and  have  all 
his  expenses  paid,  while  the  book-keeper  of  the  same  firm,  although 
occupying  a  position  of  great  responsibility,  must  be  content  with  a 
less  salary,  and  pay  all  his  own  expenses.  Again,  one  who  serves  an- 
other, either  with  hand  or  brain,  usually  receives  less  than  one  who 
pursues  an  independent  career.  Both  these  general  laws  operate 
against  the  young  or  assistant  engineer.  He  works  for  a  salary  which 
is  charged  to  expense  account,  and  his  services  seldom  bear  an  obvious 
relation  to  the  profits  that  are  hoped  for  in  the  enterprise  on  which  he 
may  be  engaged.  Hence  there  is  tendency  to  reduce  his  pay  to  as  low 
a  figure  as  possible,  especially  when  his  duties  follow  a  routine,  al- 
though of  skilled  labor.  It  is  probably  on  the  same  principle  that  the 
salaries  of  ministers  of  the  gospel  are  as  low  as  they  are.  Their  labor, 
however  profitable  spiritually,  shows  no  financial  gain  to  their  hear- 
ers, and  is  therefore  reg'arded  as  a  necessary  expense,  and  is  paid  for 
usually  at  merely  living  rates. 

Now,  a  lawyer  is  generally  employed  in  protecting-  or  enhancing 
the  moneyed  interests  of  his  client;  he  identifies  himself  with,  and 
takes  direction  of  his  clients'  case  as  though  he  were  the  principal  for 
the  time  being,  and  furthermore,  being  considered  an  expert  in  law, 
he  is  on  ail  these  accounts  permitted  to  make  his  own  charges,  pro- 
portioned somewhat  to  the  advantages  gained  through  his  services. 

It  is  not  often  that  an  engineer  is  sustained,  either  by  public  opinion 
or  private  consent,  in  assuming  a  similar  relation  toward  engineering 
work,  at  least  in  this  country.  The  average  Yankee  considers  himself 
a  pretty  good  engineer  himself:  and  rather  enjoys  directing  his  own 
enterprises,  even  though  he  must,  employ  an  engineer  for  certain  de 
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tails.  When  however  an  engineer  is  well  grounded  in  the  principles  of 
his  profession,  well  versed  in  practical  methods  of  handling  materials 
and  men,  and  has  cool  judgment  in  financial  matters,  a  certain  ability 
in  the  raising  and  expenditure  of  large  sums  of  money  so  that  profit- 
able results  follow  his  outlays,  he  may  command  practically,  his  own 
price  for  his  services,  and  capitalists  will  defer  to  his  judgment  rather 
than  trust  their  own  in  engineering  enterprises.  But  engineers  of  this 
stamp  do  not  usually  depend  on  clients.  They  originate  or  adopt  en- 
terprises, the  management  of  which  they  largely  control,  and  invite 
the  co-operation  of  capitalists  with  good  success. 

It  would  seem  that  in  this  direction  the  financial  status  of  the  en- 
gineer will  be  most  attractive,  and  therefore  toward  this  end  should 
the  engineer  that  aspires  to  wealth,  strive,  not  neglecting  study,  nor 
failing  to  pick  up  ideas  from  practical  mechanics,  yet  earnestly  seek- 
ing to  familiarize  himself  with  business  methods  and  business  men  so 
as  to  merit  their  confidence  and  approval.  He  should  practice  fore- 
sight and  cultivate  originality,  and  early  learn  to  be  a  promoter  of 
profitable  enterprises  in  which  he  may  command.a  share  and  so  lay  the 
basis  of  his  fortune  in  life. 

In  case  however  his  mind  is  so  constituted  that  he  cannot  undertake 
the  business  side  of  engineering  let  him  adopt  the  advice  given  in  the 
paper  before  us,  and  ally  himself  wilh  some  bright  and  prudent  busi- 
ness man  who  will  supplement  him  in  his  efforts. 

Another  avenue  to  financial  success  is  in  the  line  of  contracting. 
This  is  legitimatelj'  open  to  the  engineer,  but  requires  some  special 
practical  training.  The  engineer  who  is  competent  to  build  as  well  as 
design  his  work,  who  is  a  good  manager  as  well  as  engineer  covers  the 
ground  pretty  thoroughly,  and  may  establish  a  business  of  his  own 
that  ought  to  be  lucrative. 

But  many  engineers  follow  the  profession  for  the  pure  love  of  it. 
The}'  are  fascinated  with  its  many  abstractions,  and  in  its  pursuit  ac- 
cept whatever  compensations  fall  to  their  lot.  To  such  a  modest  in- 
come is  all  that  is  likely  to  come.  A  genius  may  rise  to  prominence 
and  for  some  novel  achievement  receive  rich  pecuniary  reward,  but 
this  would  be  an  exceptional  case. 

A  consulting  engineer  is  expected  to  be  well  up  in  the  theory  of  the 
profession  and  in  the  facts  of  its  histoiw  and  to  have  a  sound  and  unbi- 
ased judgment  in  regard  to  methods  and  projects.  While  his  fees 
may  seem  to  be  for  purely  professional  opinion  and  advice,  yet  his 
qualifications  to  render  these  acceptable  must  be  based  on  long  years 
of  practical  experience  during"  the  more  active  stages  of  his  career, 
when  he  may  have  been  receiving  quite  modest  compensation  though 
storing  up  a  fund  of  information  as  a  professional  capital  of  inestima- 
ble value  in  his  later  vears. 
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H.  F.  Dunham. 

Your  committee  in  asking  me  to  join  in  the  discussion  of  your 
President's  address  has  in  a  word,  offered  a  source  of  pleasure  and  a 
difficulty.  It  is  a  pleasure  to  be  one  of  the  numerous  and  widely 
scattered  throng,  who  have  expressed  a  keen  appreciation  of  the  ad- 
dress, and  itis  difficult  where  so  much  has  been  well  said,  to  make  ad- 
ditions worthy  of  your  attention. 

The  reference  to  the  "shrewd  man"  who  thinks  a  bridge  can  be 
built  or  a  cable  laid,  and  forthwith  proceeds  by  the  help  of  other  men 
to  accomplish  that  which  had  been  deemed  hazardous  or  very  difficult, 
seems  a  little  unfortunate  because  speaking  broadly,  as  I  am  sure 
your  President  would  be  understood  to  speak,  the  man  who  accom- 
plishes so  much,  is  usually  a  man  with  such  breadth  of  mind  and  pur- 
pose, that  he  not  only  gives  credit  when  due  but  takes  a  little  pride 
and  pleasure  in  giving  it.  There  may  be  exceptions  and  there  is  a 
shrewdness  which  only  merits  censure,  but  it  is  more  frequently  asso- 
ciated with  downright  unfairness,  as  in  garbling  an  engineers  estimate, 
or  using  a  so-called  engineer,  or  doing  both  at  once,  as  in  one  instance 
that  niig'ht  be  named,  where  the  result  was  the  disastrous  investment 
of  more  than  one  hundred  million  dollars.  Such  conduct  is  exception- 
al, when  compared  with  the  great  volume  of  legitimate  business,  and 
it  ought  to  be  referred  to  and  regarded  as  we  regard  the  dishonesty  of 
a  bank  official. 

Again,  the  shrewd  man  in  the  case  cited,  would  not  be  apt  to  rush 
to  our  technical  press  with  his  borrowed  plans  and  demonstrations. 
The  man  with  a  weak  case,  does  not  hasten  with  it  to  the  supreme 
court;  and  the  relation  of  such  a  court  to  its  work  is  not  very  different 
from  the  relation  of  the  technical  press,  and  of  many  of  our  leading 
journals,  to  any  such  schemes  when  they  have  been  submitted.  No 
surer  way  of  widely  distributing  credit,  to  whom  credit  is  due,  occurs 
to  the  writer,  than  that  of  putting  detail  drawings  into  the  hands  of 
journals  that  are  so  conscientiously  edited,  and  generally  read.  A 
great  amount  of  good  has  already  been  accomplished  by  those  papers, 
in  exposing  weak  and  unfair  schemes,  and  while  their  advertising 
columns  are  open  to  advertisements,  it  may  be  said  without  fear  of 
contradiction,  that  their  representatives  are  not. 

A  certain  phase  of  the  engineer's  deficiency,  as  it  presents  itself  to 
our  President,  would  be  favorably  modified,  if  less  praise,  notoriety 
and  wealth  were  thought  to  be  ample.  The  engineer  is  simply  one  of 
the  forces,  through  the  action  of  which,  results  are  brought  about, 
and  it  seems  that  with  him,  as  with  many  of  nature's  forces,  the  finest 
results  are  attained  with  least  disturbance:  as  in  the  history  of  a  coun- 
try, when  for  a  long  interval  there  is  nothing  to  record,  we  know  the 
people  have  been  prosperous. 
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It  is  to  be  regretted  that  the  engineer  should  not  get  just  compen- 
sation for  his  work,  or  all  the  credit  that  belongs  to  him,  but  in  a 
country  that  is  new  like  our  own,  where  so  much  is  done  quickly  and 
in  a  tumult,  a  perfect  balancing  of  the  scales  is  not  to  be  expected. 
The  writer  cannot,  however,  agree  with  our  President,  as  to  the  efforts 
the  engineer  should  put  forth  to  secure  a  living  balance.  "Now  he  is 
not  in  want,  or  his  children  beg-gingv'  There  are  thousands  who  are 
grateful  that  so  much  can  be,  and  has  been  said.  Let  the  engineer, 
while  he  is  an  engineer,  make  such  improvement  in  present  conditions 
as  he  is  able  to,  by  giving  closer  attention  to  his  methods  and  making 
the  contrast  between  well  and  ill-designed  work  greater  than  it  is  now. 
Do  not  take  him  into  trade  through  the  avenue  of  another's  brain  and 
efforts,  or  put  him  in  a  position  where  he  will  have  widely  divided 
interests,  or  be  in  any  sense  principal  and  agent  in  one  transaction,  or 
be  strongly  tempted  to  surrender  to  himself  the  time  and  thought  his 
present  work  or  salary  should  command.  It  is  through  such  double 
relations  that  standards  are  lowered  and  the  conditions  of  which  com- 
plaint is  made,  strengthened. 

Nothing  in  this  should  be  understood  to  limit  the  right  or  privilege 
of  an  engineer  to  engage  in  any  honorable  pursuit.  His  training  as  an 
engineer  would  be  especially  valuable  if  he  were  to  give  attention  to 
railway  management,  the  better  class  of  contracting  or  to  any  one  of 
a  number  of  callings.  The  point  is,  that  while  doing-  the  work  of  an 
engineer  he  should  avoid  relations  foreign  to  that  work  and  certain  to 
divert  his  interest  from  it. 

Let  him  invest,  yes,  if  he  have  anj'thingto  invest,  in  securities  that 
are  safest  and  require  least  attention.  He  may  economize  but  it  should 
not  be  in  books  or  opportunities  for  improvement.  If  he  finds  old  age 
creeping  on  him  unawares,  and  that  his  work  is  done  before  he  thought 
it  fairly  commenced,  let  him  be  content  with  simple  necessities  and 
comforts. 

Let  him  be  thankful  if  he  has  been  fortunate  in  avoiding  danger  to 
life,  and  fortunate  in  the  construction  of  work  that  remains  and  is 
likely  to  remain.  If  his  children  do  not  receive  the  best  possible  edu- 
cation, let  him  be  hopeful  that  they  will  not  manifest  an  inherited  ten- 
dency to  manipulate  railroads,  as  railroads  are  sometimes  manipu- 
lated, or  boom  land,  as  land  is  often  boomed. 
Mr.  N.  P.  Bowler. 

Making  money  is  a  great  deal  like  becoming  a  first-class  musician, 
one  must  be  born  that  way.  A  certain  amount  of  bras=,  perhaps,  may 
be  useful,  but  there  must  be  sagacity  to  lay  hold  of  a  good  thing, 
whenever  it  is  presented.  To  illustrate,  I  heard  a  horseman  say,  that 
there  was  a  jockey  that  had  become  very  wealthy,  and  he  asked  him 
how  it  was.   "Well,"  he  said,  "the  difference  between  me  and  the  other 
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jockeys,  is  that  I  improve  every  opportunity  and  the  others  do  not." 
Au  engineer  associating  himself  with  a  business  man,  is  doing  a  good 
thing.  Associate  with  a  man  that  can  manage  men  and  the  business 
part,  who  will  trust  his  engineer  for  the  details  so  that  he  will  not 
raake  any  mistake  in  experimenting.  A  great  many  fortunes  have 
been  spent  in  experimenting.  A  man  thinks  he  has  something- good, 
and  after  he  has  spent  a  great  deal  of  time  and  money  to  pei*fect  it,  he 
finds  it  worthless.  An  engineer  could  have  saved  him  all  this  trouble. 
I  know  of  a  great  many  experiments  that  have  been  going  on  in  this 
City  that  have  cost  thousands  of  dollars,  with  no  satisfactory  results, 
and  it  is  so  everywhere.  The  men  who  make  fortunes  suddenly,  are 
the  exception,  not  the  rule.  It  is  not  best  to  try  to  get  rich  that  way. 
The  proper  way,  is  to  supply  our  wants,  to  get  a  competency,  by 
steady  annual  gains.  Do  not  be  in  a  hurry.  There  is  much  danger  in 
haste  to  be  rich.  Good  men  are  at  a  premium.  I  find  the  longer  I  am 
in  business,  the  more  difficult  it  is  to  get  real  first-class  men  that  you 
can  depend  upon. 

Mr.  Ludwig  Herman. 

To  illustrate  the  competition  engineers  have  to  meet,  I  will  relate 
some  incidents  from  my  experience:  About  ten  years  ago  I  became 
acquainted  with  a  young  man,  then  lately  arrived  from  Europe  and 
employed  by  a  large  eastern  firm  as  draftsman.  In  conversation  about 
the  engineering-  school  from  which  he  graduated,  he  related  the  part- 
ing remarks  made  by  the  principal  of  the  school  when  he  was  bidding 
him  good  by  before  starting  for  this  country.  They  were:  "All  you 
have  learned  here  will  be  useful  to  you  in  America,  but  the  most  im- 
portant quality  in  that  country  for  achieving  success  is  brass.''''  My 
friend  certainly  profited  by  this  advice;  he  backed  a  little  knowledge 
with  a  great  deal  of  brass  and  prospered. 

The  idea  that  anybody  without  any  previous  training  is  capable  of 
doing  his  own  engineering  is  very  often  met  with  in  this  country,  the 
woods  are  full  of  that  class  of  geniuses;  only  to-day  I  had  the  satisfac- 
tion of  having  two  of  them  admit  to  me  that  their  work,  though  quite 
expensive,  was  worthless.  I  can  probably  put  some  light  on  this. 
The  reason  that  engineers  in  Europe  have  so  high  a  standing  is  their 
general  competence.  A  young  man  after  leaving  school  over  there, 
works  for  years  in  subordinate  positions  under  superiors  with  estab- 
lished reputations,  and  is  not  entrusted  with  any  important  work  un- 
til he  becomes  quite  old  and  experienced.  Here  we  often  find  boys 
without  experience  or  practical  training,  put  in  charge  of  extensive 
and  even  hazardous  work,  through  social,  financial  and  other  influ- 
ences. 

Mr.  Wm.  T.  Blunt. 

I  do  not  know  that  I  have  anything  of  importance  to  add  in  regard 
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to  the  matter;  but  there  are  two  points  made  which  may  perhaps  be 
emphasized  by  further  mention. 

One  is  that  the  engineer's  services  are  always  shown  on  the  expense 
side  of  the  account.  The  corporation  or  party  who  employs  the  en- 
gineer seldom  appreciates  what  his  services  really  mean,  there  being 
no  way  to  determine  actually  what  money  benefit  has  been  derived 
from  those  services.  Usually,  the  compensation  for  professional  ser- 
vices is  entirely  out  of  proportion  to  the  increase  of  income  or  of  sav- 
ing due  to  those  services.  But  the  increase  does  not  show  on  the 
income  side  while  the  engineer's  services  do  show  on  the  expense  side. 
In  Government  work,  where  my  time  has  largely  been  spent,  the  com- 
pensation is  limited  to  a  certain  figure  and  whether  the  man's  worth 
be  great  or  little,  he  can  never  receive  more. 

The  second  point  to  be  emphasized  is  that  the  education  of  the  en- 
gineer is  too  largely  technical.  He  is  taught  rather  to  shun  the  busi- 
ness or  commercial  side  of  life,  and  that  he  is  on  a  plane  a  little  above 
that  and  where  he  must  deal  with  Hie  purely  technical  questions, 
leaving  the  money  making  to  others,  after  he  has  given  them  the 
means,  and  for  a  mere  pittance  of  the  portion  which  should  fall  to  his 
share.  Being  imbued  with  this  idea  from  the  outset,  it  usually  follows 
him  through  life,  making  a  technical  slave,  loyal  to  his  profession,  too 
proud  to  be  a  money  getter,  but  satisfied  to  struggle  on  paving  the 
way  for  others  to  become  rich  while  he  "hunts  another  job." 
Mr.  W.  R.  Warner. 

I  niay  take  the  unpopular  side  of  the  subject,  but  it  is  my  firm  con- 
viction that  as  far  as  salaries  and  fees  and  wages  go,  the  engineer 
gets  his  share.  He  sells  the  use  of  his  talents  for  their  market  value, 
and  no  one  has  reason  to  expect  more. 

I  once  heai'd  of  a  young  engineer  who  received  a  fair  salary,  but 
who  applied  to  his  employer  for  an  increase.  The  response  made  a 
point  that  seemed  to  me  an  important  cne.  The  employer  said,  "as 
we  measure  your  talents  and  compare  them  with  those  of  others  in 
our  emplo%y,  and  others  whom  we  know,  we  are  paying-  you  your 
market  value.  We  may,  however,  be  mistaken  in  judging  your  mark- 
et rate.  If  you  can  establish  a  higher  rate  either  here  or  elsewhere, 
then  you  will  get  it.  You  may  in  all  good  faith,  if  it  seems  best  to 
you,  secure  another  position  and  see  if  you  can  raise  the  market  rate 
for  the  use  of  your  talents,  and  six  months  or  a  year  hence  come  back 
to  us  and  we  will  pay  your  market  rate  at  that  time."  This  was  a 
new  phase  of  the  question  to  the  3roung  engineer  and  he  said  he  would 
think  of  it.  The  next  day  he  said  to  his  employer,  "I  have  decided 
what  to  do."  "Well,  what  is  it?"  "To  endeavor  to  raise  my  market 
value  right  here."  Now.  the  result  was  that  in  six  months  that  young 
man's  salary  was  raised  25  per  cent.,  an  unusually  good  advance,  but 
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still  his  "market  rate."  We  each  of  us  by  the  study  of  men  and  books 
and  things  are  establishing  for  our  talents  a  market  value.  Some- 
times, by  force  of  circumstances,  a  man  for  a  little  while  may  get 
more  than  his  market  rate,  sometimes  less.  If  he  gets  more  it  will  be 
reduced,  if  less,  it  will  be  raised. 

Why  does  the  expert  engineer  in  the  city  hall  get  only  fourteen 
hundred  and  forty  dollars  per  annum  instead  of  three  thousand?  We 
can  not  think  that  for  philanthropic  reasons  he  allows  the  city  the  use 
of  his  talents  for  less  than  their  market  value.  What  then  is  the  trou- 
ble with  engineers?  There  must  be  something  wrong.  I  think  it  is  be- 
cause our  education  is  too  narrow.  We  very  often  run  up  against  our 
limitations,  and  sometimes  see  limitations  in  others. 

Now,  the  science  of  engineering-  and  its  kindred  studies  ought  to 
broaden  a  man,  and  will  if  he  will  let  it,  for  it  should  bring  him 
in  contact  with  minds  stronger  than  his  and  1  ead  him  to  observe  facts 
as  well  as  figures,  and  to  measure  men  as  we  lias  angles.  The  suc- 
cessful engineer,  as  well  as  the  great  General,  has  learned  to  manage 
men  and  lead  them  with  such  tact  that  they  are  glad  to  follow.  It 
is  not  enough  that  he  lead  the  large  class  armed  with  the  pick  and 
shovel.  He  must  also  lead  the  capitalist  and  the  promoter  of  great 
engineering  schemes.  In  other  words,  a  knowledge  of  mathematics 
alone  will  never  make  a  successful  engineer.  It  must  be  coupled 
with  executive  ability,  gained  by  close  study  of  men  and  keen  sighted 
observation.  The  ability  to  lead  others  is  one  of  the  greatest  secrets 
of  success  in  all  walks  of  life. 

Let  us  take  for  example  two  clerks  in  Tayloi''s  store.  They  may  be 
equally  bright  and  educated.  They  may  each  have  departments  equal- 
ly desirable,  but  at  the  close  of  the  year's  business  one  has  sold  50  per 
cent,  more  than  the  other.  Why  is  it?  Not  because  he  had  a  better 
education.  No,  but  because  what  little  education  he  did  have  enabled 
him  to  meet  his  customers  in  such  a  manner  that  they  were  glad  to 
visit  his  counter,  and  when  they  came  to  price  cheap  silks,  he  could 
sell  them  good  silks,  Did  it  affect  his  financial  status?  Yes,  it  soon 
made  him  a  department  manager  and  later  qualified  him  to  enter  into 
business  for  himself. 

I  remember  a  conversation  I  once  had  with  a  member  of  this  Club 
five  or  six  years  ago.  He  had  just  come  in  from  an  engineering  trip 
on  which  he  had  made  the  surveys  for  a  railroad.  I  said  to  him,  "Now, 
you  know  all  about  that  road,  more  than  any  one  else.  You  know  all 
the  cuts  and  fills  and  just  how  it  ought  to  be  laid  out.  You  have  a 
great  advantage  over  any  contractor.  Why  don't  you  say  to  the  capi- 
talists who  employed  you,  "I  will  build  that  road  for  so  many  hun- 
dred thousand  dollars  and  then  go  ahead  and  make  your  fortune, 
instead  of  being-  content  with  your  paltry  fee  and  allowing  a  smaller 
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man  to  make  the  fortune?"  He  replied:  "It  is  not  professional  and  I 
will  not  do  it,"  and  calling  my  attention  to  a  physician  in  the  room 
asked  if  it  would  be  professional  and  right  for  that  physician,  when 
called  to  visit  a  sick  person  to  say,  "I  understand  your  case  thorough- 
ly and  I  can  restore  you  to  health  in  a  short  time.  I  will  do  it  for  one 
hundred  dollars."  Of  course,  I  said  "No,  bul  it  is  not  a  parallel  case." 
He  thought  otherwise,  and  allowed  a  man  of  lesser  education  and  tal- 
ents to  construct  the  road  and  make  the  fortune.  Is  the  engineer 
properly  paid?  Yes,  he  is  paid  for  the  work  he  does.  If  that  work  is 
the  solution  of  a  formula  or  a  computation  giving  the  strength  of  a 
beam,  he  gets  for  it  a  proper  fee.  If  that  work  is  the  originating  and 
carrying  to  a  successful  issue  of  great  engineering  schemes  by  which 
nature's  deepest  problems  are  solved,  and  the  commerce  of  the  world 
increased  and  the  civilization  advanced,  then  not  only  honor  but 
wealth  flows  to  him. 

Mr.  Hosea  Paul. 

I  have  asked  the  privilege  of  continuing  and  partially  to  review  the 
discussion  which  has  taken  place  in  regard  to  "The  Finaucial  Status  of 
the  Engineer"  aiming  rather  to  consider  the  phases  of  the  question  as 
then  brought  out  rather  than  to  present  the  subject  in  its  entirety. 

As  to  the  points  advanced  I  shall  not  say  anything  in  regard  to  the 
propriety  of  adopting  measures  to  keep  out  incompetent  and  imper- 
fectly trained  aspirants  for  engineering  honors,  nor  shall  I  discuss  the 
relations  between  capital  and  labor,  or  other  problems  of  political 
economy. 

The  suggestion  has  been  made  in  the  course  of  this  discussion  that 
raises  a  question,  like  this;  Must  an  engineer  be  content  as  best  he 
may  with  a  nominal  rate  of  compensation  avowedly  less  than  that 
awarded  to  men  of  no  greater  skill  in  callings  of  no  greater  dignity  or 
usefulness,  and  depend  for  more  substantial  rewards  on  the  taking  ad- 
vantage of  the  opportunities  that  so  often  present  themselves  to  em- 
bark in  collateral  pursuits  such  as  his  training  and  experience  qualifies, 
him  for,  contracting,  railway  management,  real  estate,  speculation, 
manufacturing,  mining  or  exploiting  and  promoting-  inventions  and 
projects? 

That  these  are  pursuits  that  an  engineer  may  look  forward  to  we 
would  not  question.  They  are  the  great  avenues  that  lead  to  wealth 
even  though  success  is  less  easy  and  risk  much  greater  than  pictured 
by  popular  fancy. 

But  however,  natural  and  easy  the  transition,  by  becoming  a  con- 
tractor, or  a  manufacturer,  a  speculator,  a  promoter  or  a  boomer,  just 
so  far  as  he  adopts  this  new  calling,  and  so  long  as  he  remains  in  it,  he 
for  such  time  ceases  to  be  an  engineer  per  se. 

He  may   indeed   return  to   it,  and  he  may  still  find  his   engineering' 
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knowledge  and  experience  of  value,  bat  for  the  time   he   has  in  great 
measure  lost  his  identity. 

It  may  be  good  advice  to  give  an  engineer  whose  meagre  financial 
returns  are  disappointing  to  tell  him  to  engage  in  another  business, 
and  it  may  be  more  easy  for  him  to  become  a  contractor  than  a  mer- 
chant, but  all  this  is  beside  the  question,  which  relates  or  should  re- 
late to  its  compensation  that  the  engineer  receives  as  such  from  day 
today  or  for  a  particular  service  rather  than  how  well  it  may  serve 
him  as  a  ladder  to  reach  something  else. 

In  the  first  place  it  is  a  mistake  to  assume  that  engineering  is  a  pe- 
culiarly favored  profession  as  regards  entering  new  fields  of  activity 
and  profit.  The  peasant  soldier  under  Napoleon  might  become  a  mar- 
shal of  France.  The  humble  clerk  in  the  village  store  may  hope  to 
become  a  great  merchant  or  a  senator.  The  omnipresent  lawyer  has 
always  the  resource  and  virtual  monopoly  of  political  preferment,  and 
in  railway  and  in  manufacturing  affairs,  he  is  at  least  not  far  behind 
the  engineer.  Others  than  engineers  may  become  managers,  promo- 
ters, organizers,  leaders  of  men  and  affairs.  In  the  possibility  of  ob- 
taining" such  great  prizes  he  has  certainly  no  preference. 

Much  of  this  talk  of  future  possible  opportunities  ignores  the  fact 
that  the  more  a  man  is  paid  as  he  goes  along  the  better  able  will  he  be 
to  take  advantage  of  such  opportunities  when  they  arise.  If  he  is 
kept  down  to  the  subsistence  point  new  careers,  however  desirable,  are 
practically  closed  to  him.  The  tide  that  comes  to  every  man,  may 
reach  its  flood,  but  his  craft  is  not  ready.  He  must  plod  along*  as 
before = 

A  parallel  has  been  drawn  between  the  priest  or  clergyman  and  the 
engineer  as  that  of  callings  where  men  labor  for  the  love  of  it  and  the 
good  it  may  do,  rather  than  for  the  substantial  reward  of  good  hard 
cash.  There  is  however  this  difference.  The  clergyman  or  priest  has 
two  things  that  an  engineer  has  not.  First  he  may  get  his  education 
and  even  his  support  during  college  life  without  cost;  second,  whatev- 
er his  salary  his  social  standing  is  an  assured  one.  Though  near  beg- 
gary he  may  sup  with  the  king. 

And  whatever  may  be  the  value  of  these  things,  there  is  no  doubt 
they  are  charged  up  and  that  they  have  to  be  paid  for  on  the  install- 
ment plan  by  a  regular  deduction  from  the  normal  salary. 

But  the  training  of  an  engineer  is  an  expensive  one  in  itself,  vast- 
ly more  so  than  that  required  for  a  literary,  legal  or  theological  ca- 
reer. Laboratories  and  instruments  cost  more  than  books.  He  is  not 
supported  or  aided  as  a  student  by  an  organized  system  of  charity. 

Once  launched  into  professional  practice,  his  clientage  is  rigorous 
and  exacting.  Definite  and  successful  results  are  insisted  upon  and 
failure  is  not  excused  because  precedents  were  followed.      He  can  not 
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depend  upon  the  book,  the  gathered  wisdom  of  by  gone  days,  but  is 
continually  asked  to  distrust  them — to  do  what  no  one  else  has  done. 
He  must  be  abreast  with  discovery,  invention,  mode  and  process,  and 
though  much  is  expected,  and  no  charity  extended  for  error,  his 
share  of  the  credit  of  success  is  but  scant,  and  his  pay  but  that  of  a 
routine  worker. 

His  fees  are  largely  contingent,  but  usually  in  a  way  that  be  takes 
all  the  risks  of  failure  for  which  he  may  not  always  be  responsible 
without  proportion  or  adequate  share  in  case  of  success. 

For  all  his  careful  training,  conscientious  service,  and  exacting  re- 
quirements we  are  told  again  that  he  may  not  expect  more  than  a 
fair  market  price.  That  the  world,  in  the  long  run,  will  generally 
pay  a  man  what  he  is  worth.  All  this  is  a  truism,  but  what  makes  a 
fair  market  price?  Obviously  when  those  who  buy  and  sell  meet  free- 
ly and  make  their  exchanges.  But  if  one  party  is  under  restraint,  is 
negligent  or  indifferent  he  is  sure  to  be  the  sufferer.  Each  must  at- 
tend carefully  to  his  interests;  in  a  sense  the  other  party  if  not  an  en- 
emy will  require  watching. 

And  it  seems  to  me  that  the  engineering  profession  has  been  negli- 
gent and  careless  in  this  very  matter.  They  have  accepted  what  the 
public  chose  to  give  them,  to  depend  on  its  generosity,  rather  than  de- 
manding justice,  and  as  a  matter  of  course,  asking  little,  it  has  been 
with  such  modesty  they  have  got  even  less. 

The  remedy  it  seems  to  me  is  the  better  realization  among  engin- 
eers of  the  value  of  their  work  to  the  world,  that  to  their  hands  are 
committed  some  of  the  greatest  problems  of  civilization,  that  no  ca- 
reer is  greater  or  more  deserving.  If  this  is  true,  and  who  can  gainsay 
it,  have  they  not  a  right  to  homes  and  flowers,  to  books  and  music,  to 
the  advantages  of  travel,  to  sights,  of  sea  and  mountain,  and  of  histor- 
ic renown,  to  give  to  their  children  education  and  advantage?  If  so 
they  must  have  good  pay  and  they  ought  to  have  it  as  they  go  along-, 
as  they  earn  it  independently  of  the  chance  or  the  possibility,  of  secur- 
ing more  pay  or  profit  in  other  lines  however  obvious  or  related. 

Now  the  engineer  is  not  a  poet  or  a  philosopher,  a  dreamer  of  mys- 
teries, a  delver  in  the  deep  mysteries  of  nature,  a  man  above  the 
world,  and  among  the  shining  stars;  not  of  the  men  whose  compensa- 
tion cannot  be  measured  in  money,  and  who  ordinarily  have  little  hold 
on  the  public  purse,  nor  is  he  yet  of  the  type,  of  the  great  body  of  the 
worlds  workers,  who  by  trade  unionism,  can  stop  the  wheels  of  com- 
merce, who  can  in  a  measure  if  they  will  clutch  civilization  by  the 
throat  and  extort  their  terms.  He  belongs  to  neither  of  these 
extremes. 

He  is  not  a  mere  idealist,  nor  yet  a  walking  delegate.  But  as  a 
self  respecting  citizen,  pursuing  a  high  and  honorable  calling,  in  touch 
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with,  and  a  factor  in  the  great  currents  of  activity  and  achievement 
he  may  fairly  ask  for  his  own.  He  may  of  right  have  his  say  when 
the  question  of  market  price  comes  up. 


STONY  BROOK  IMPROVEMENT. 


By  Henry  H.  Carter,  Member,  Boston  Society  of  Civil  Engineers. 


[Read  December  16,  1891.] 

Stony  Brook  rises  in  Muddy  Pond  in  the  West  Roxbury  district  of 
Boston,  about  one-fourth  of  a  mile  west  of  the  Hyde  Park  line.  .After 
flowing  in  a  southeasterly  direction  through  the  town  of  Hyde  Park,  it 
turns  and  runs  in  a  general  northerly  direction  through  West  Roxbury, 
Jamaica  Plain,  Roxbury  and  the  City  Proper  for  a  distance  of  about 
seven  miles  to  the  outlet  in  Back  Bay  Park.  The  brook  formerly 
emptied  into  the  Charles  River  in  what  was  known  as  the  "full  basin." 
The  lower  mile  of  the  brook  was  a  tidal  stream  which  followed  a  tort- 
uous course  through  the  salt  marshes  in  the  vicinity,  extending-  from 
a  small  tidal  bay  in  the  vicinity  of  Elmwood  street  across  Tremont 
street  to  the  Boston  and  Providence  R.  R. ,  thence  to  the  full  basin. 

The  water-shed  of  the  brook  comprises  a  total  area  of  about  13.92 
square  miles,  or  8,900  acres;  of  which  amount  690  acres  are  meadow 
land  liable  to  flooding.  This  water-shed  is  divided  into  several  subsid- 
iary parts,  tributary  to  the  various  branches  of  the  brook.  These 
various  drainage  areas  vary  in  extent  from  1,800  to  140  acres.  The 
topography  of  the  various  water-sheds  of  the  different  branches  of  the 
brook  is  very  varied,  Some  of  these  areas  are  steep  and  have  a  very 
quick  water-shed:  others  are  larg*ely  meadow  and  flat  wooded  land, 
making  a  slow  water-shed.  In  general  it  may  be  said  that  the  water- 
shed is  of  average  character,  and  that  in  its  original  state  the  water- 
shed and  the  brook  presented  no  unusual  feature. 

The  rapid  growth  of  the  city  and  the  consequent  improvement  of 
land  for  building-  purposes  has  greatly  modified  the  original  state  of 
the  water-shed.  Trees  and  bushes  have  been  cut  down,  culverts  have 
been  enlarged,  houses  and  streets  have  been  built,  and  many  changes 
have  taken  place,  so  that  what  was  once  a  slow  water-shed  has  been 
transformed  into  a  quick  one.  This  transformation  of  the  character 
of  the  water-shed  is  continually  going  on,  and  the  time  is  not  far  dis- 
tant when  a  large  proportion  of  the  rain  which  falls  on  the  surface 
will  be  carried  into  the  brook,  and  flow  off  almost  as  quickly  as  it  falls. 

In  its  natural  state,  years  ago,  the  brook  ran  through  land  which 
generally   was   but  little  elevated  above  the  bed  of  the  brook.       The 
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flooding  of  this  land,  owing-  to  the  rough  character  of  the  water-shed, 
which  was  covered  with  trees  and  bushes  which  retarded  the  flow  of 
the  surface  water,  and  lessened  the  rate  at  which  the  water  reached  the 
brook,  only  occurred  in  time  of  very  heavy  rain  and  spring  freshets, 
and  did  no  particular  damage,  as  the  meadows  in  the  vicinity  of  the 
brook  were  but  little  built  upon.  As  the  value  of  the  land  increased, 
and  the  brook  was  encroached  on  by  buildings  and  manufactories,  the 
flooding  of  cellars  and  the  consequent  damage  to  property  became  so 
great,  that  it  became  necessary  to  take  steps  to  improve  the  brook 
channel. 

The  Qrst  step  towards  the  improvement  of  the  brook  was  taken 
by  the  town  of  Eoxbury  in  1851.  The  Board  of  Health  having 
represented  that  the  brook  from  Ruggles  street  to  Pynchon  sti'eet, 
along  the  tidal  bay.  was  in  a  state  of  nuisance,  a  scheme  was  proposed 
to  cover  the  brook  channel  and  fill  in  the  land  to  make  a  public  park. 
The  brook  was  accordingly  covered  in  east  of  Tremont  street,  through 
what  is  now  known  as  Culvert  street,  and  the  land  filled  in.  The  ex- 
pense was  so  great  that  the  filled  land  was  sold  instead  of  being  de- 
voted to  park  purposes. 

The  next  siep  taken  was  by  the  town  of  West  Roxbuiy  in  1855  in 
obtaining  the  passage  of  an  act  of  Legislature  (chap.  308,  1855)  au- 
thorizing the  town  to  divert  the  course  and  improve  the  channel  of  the 
brook  in  West  Roxbury  and  Roxburj'.  No  work  was  done  under  this 
act.  however,  except  to  make  a  survey  of  the  brook  throughout  its 
w'hole  course. 

In  1865,  the  brook  again  became  a  nuisance  in  Roxbury,  and  under 
an  act  of  Legislature  the  City  of  Roxbury  diverted  the  brook  channel 
below  Tremont  street,  and  covered  it  in  along  a  channel  built  through 
Rogers  avenue  as  far  as  the  full  basin.  In  1866  and  1867,  the  work  was 
continued  by  walling  and  covering  in  the  brook  from  Vernon  street  to 
the  car  stables  at  the  junction  of  Pynchon  and  Tremont  streets. 

The  brook  was  at  this  time  walled  or  covered  in  from  the  car  sta- 
bles at  the  corner  of  Pynchon  and  Tremont  streets  to  the  full  basin. 
The  cross-section  of  the  channel  is  somewhat  varied,  but  the  brook  was 
considered  at  that  time  as  improved  between  these  two  points. 

In  West  Roxbury,  the  damage  arising  from  floods  and  freshets  was 
becoming  so  frequent  and  severe  that  in  1868  an  act  was  passed  by  the 
legislature  to  allow  the  town  of  West  Roxbury  and  the  city  of  Boston 
to  take  land  for  the  inprovement  of  the  brook,  and  assess  one-half  of 
the  betterments.  The  act  not  being  satisfactory  to  the  city  authori- 
ties, no  work  was  done  under  it.  In  1870,  the  West  Roxbury  authori- 
ties gave  up  the  attempt  to  co-operate  with  the  Boston  authorities,  and 
an  act  was  passed  providing  for  a  commission  to  carry  out  the  old  act 
of  1868.    $25,000  was  appropriated  by  the  town,  and  the  land  was  taken 
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from  the  Boston  line  to  Williams  street.  In  1873,  other  takings  were 
made,  and  the  brook  located  from  the  Hyde  Park  to  the  Boston  line. 
The  channel  was  widened,  deepened,  and  straightened,  and  the  fall 
equalized.  This  plan  of  improvement  was  objected  to  by  the  Boston 
Belting  Company  as  one  likely  to  bring  destructive  floods  on  their 
property,  as  it  would  precipitate  the  water  upon  their  factory  without 
adequate  provision  being  made  to  take  care  of  it  below  Tremont 
street. 

In  1873,  West  Roxbury  was  annexed  to  Boston,  and  an  effort  was  at 
once  made  to  have  the  brook  improvement  completed  from  the  car 
stables  on  Pynchon  street  to  the  West  Roxbury  line*  so  that  the  bene- 
fit of  the  outlay  already  made  in  West  Roxbury  could  be  realized.  In 
1874,  an  act  was  passed  empowering  the  city  to  improve  the  brook  for 
surface  drainage. 

In  1875,  a  contract  was  made  to  build  a  double  stone  culvert  under 
Washington  street  and  the  B.  &  P.  R.  R.  at  Forest  Hills.  In  1876,  the 
Street  Commissioners  of  Boston  were  requested  to  consider  and  report 
upon  the  matter  of  improving  the  brook  from  the  car  stables  on 
Pynchon  street  to  Forest  Hills.  In  1877,  the  Commissioners  recom- 
mended that  the  brook  be  improved  in  accordance  with  a  plan  which 
was  submitted  by  the  Superintendent  of  Sewers,  at  an  estimated  cost 
of  $53,000  for  land  and  building  damages,  and  $80,000  for  the  construc- 
tion of  a  channel  between  the  car  stables  and  Hyde  Park  avenue.  By 
this  time  the  state  of  the  brook  was  such  in  West  Roxbury  that  the 
Board  of  Health  reported  upward  of  100  dwellings  which  were  sub- 
ject to  inundation  at  every  considerable  flood,  and  thus  rendered 
unfit  for  habitation.  A  joint  special  committee  was  appointed  in 
1878  to  take  charge  of  the  improvement  of  the  brook  under  the  acts  of 
1874,  with  authority  to  remove  obstructions,  alter  the  course  and 
deepen  the  channel  of  the  brook,  and  to  take  land  required  for  the 
improvement. 

Before  work  could  be  commenced,  the  Boston  Belting  C(  mpany 
notified  the  City  that  an  injunction  would  be  applied  lor,  if  work  was 
commenced,  as  they  considered  that  their  right  under  the  act  of  1874 
would  be  infringed.  This  opposition  delayed  work  on  the  brook  until 
1880,  when  a  satisfactory  agreement  having  been  entered  into  with 
the  Belting  Company,  the  required  lands  extending  from  the  Car  Sta- 
bles to  the  Old  West  Roxbury  line  were  taken. 

Work  was  begun  in  July,  1880,  at  the  junction  of  Tremont  and 
Pynchon  streets,  and  a  double  brick  channel  10  ft.  high  by  7  ft.  wide 
was  constructed  as  far  as  the  junction  of  Centre  and  Pynchon  streets. 
This  work  cost  $102,000,  and  lasted  until  February,  1881.  Operations 
were  commenced  in  March  of  1881  on  the  open  walled  channel  between 
Centre  street  and  the  West  Roxbury   line,  and  were  continued  until 
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1884,  at  which  time  the  channel  with  the  various  street  culverts  was 
completed  at  a  cost  of  $330,000.  Including  the  appropriation  made  by 
the  town  of  West  Roxbury,  the  expenditure  for  the  brook  construc- 
tion footed  up  the  sum  of  $406,000. 

On  the  completion  of  the  work  in  1884,  the  joint  special  comm  ttee 
made  a  report,  concluding  with  congratulatory  paragraphs  on  the 
benefits  which  would  accrue  from  the  completion  of  the  enterprise,  and 
on  the  immunity  from  floods  which  the  abutters  on  the  brook  would 
henceforth  enjoy. 

From  the  above  description  of  the  method  adopted  to  improve  Sto- 
iry  Brook  from  1851  to  1884,  it  is  seen  that  the  course  pursued  was: 

First,  to  wall  and  cover  in  the  brook  from  the  full  basin  up  to  the 
junction  of  Tremont  and  Pynchon  streets  in  a  rough  rubblestone  chan- 
nel; 

Secondly,  when  the  flooding  of  meadow  land  in  Jamaica  Plain  and 
West  Roxbury  became  a  nuisance,  to  widen,  straighten  and  deepen  and 
wall  in  the  brook  from  Pynchon  street  up  to  Hyde  Park  avenue,  in 
West  Roxbury. 

Unfortunately,  both  the  so-called  improvements  seem  to  have  been 
made  in  a  haphazard  manner,  without  due  investigation  of  the  problem. 

The  areas  of  the  covered  channels  vary  from  75.52  sq.  ft.  to  160  sq. 
ft.  As  a  natural  consequence  of  the  way  in  which  these  channels  were 
constructed,  they  soon  got  out  of  repair,  and  were  obstructed  by  the 
caving  in  of  walls  and  roofs.  From  the  appearance  of  the  cross-sec- 
tions, it  would  seem  that  the  City  authorities  did  not  have  the  benefit 
of  competent  engineering  advice.  In  regard  to  the  so-called  improve- 
ment carried  out  at  an  expense  of  $330,000  from  1880  to  1884,  this  im- 
provement consisted  of  a  double-covered  channel  from  the  junction  of 
Pynchon  and  Tremont  streets  to  the  corner  of  Pynchon  and  Centre 
streets,  a  distance  of  about  1,770  feet,  and  a  walled  open  channel  from 
this  last  point  to  Hyde  Park  avenue,  a  distance  of  about  3  miles,  to- 
gether with  the  necessary  culverts  under  streets  which  wei-e  crossed. 
There  is  no  record  or  data  in  any  report  to  show  what  amount  of  wa- 
ter the  engineer  was  endeavoring  to  provide  for;  no  calculation  of  the 
probable  amount  of  water  to  be  handled  or  calculation  of  a  proper 
sized  channel  to  convey  it.  As  a  matter  of  fact,  the  open  channel  will 
convey  about  350  cu.  ft.  per  second  without  overflowing  its  walls;  and 
as  will  be  shown  later  on,  the  amount  of  water  to  be  handled  in  the 
future  will  be  about  2,000  feet,  thus  showing  that  the  calculations  if 
any  were  made,  were  considerably  at  fault.  Several  of  the  culverts  and 
parts  of  the  channel  on  the  lower  part  of  the  stream  which  can  be  seen 
on  the  appended  sketches  are  unable  to  carry  over  350  cu.  ft  per  sec- 
ond, except  under  considerable  head;  and  the  carrying  out  of  the  up- 
per part  of  the  so-caller  improvement  and  making  it  capable  of  carry- 
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ing  a  large  volume  of  water  and  leaving  the  lower  part  in  its  existing 
condition,  was  a  very  serious  blunder,  and  one  that  has  cost  the  City 
of  Boston  thousands  of  dollars. 

The  authorities  of  the  Belting  Co.  apparently  knew  more  about 
engineering  than  the  Citjr  authorities  in  charge  of  the  improvement, 
as  they  entered  a  protest  against  the  work. 

The  storm  of  Febuary  10  to  12,  1886,  brought  it  forcibly  to  the  at- 
tention of  the  citizens  of  Boston  that  there  was  something  wrong  with 
the  Stony  Brook  Improvement.  Rain  began  to  fall  at  7:45  A.M.  on 
the  10th,  and  continued  falling  until  2:45  P.  M.  of  the  13th.  The  total 
precipitation,  as  deduced  from  the  records,  was  5.86  inches;  to  which 
must  be  added  two  inches  for  melting  snow. 

The  new  channel  proved  inadequate  to  convey  this  amount  of  wa- 
ter, and  all  the  meadows  about  the  main  and  tributary  branches  of  the 
brook  were  flooded,  and  water  was  reported  as  entering  191  dwellings 
in  West  Roxbury.  Although  the  new  channel  was  incapable  of  pro- 
viding for  all  of  the  water,  it  carried  a  much  larger  quantity  than  it 
could  before  its  improvement,  and  very  much  more  than  the  channel 
below  the  junction  of  Tremont  and  Pynchon  streets  could  care  for, 
althoug-h  it  ran  under  a  head,  and  the  water  stood  several  feet  above 
the  top  of  the  channel  at  its  upper  end.  The  water  rose  and  overflow- 
ed about  63  acres  of  thickly  settled  low  territory  in  the  vicinity  of 
Elm  wood  street,  flooding  cellars,  yards  and  streets.  1437  buildings 
occupied  by  3,090  families  were  affected  by  the  overflow.  Observa- 
tions made  at  the  time  showed  that  about  500  cu.  ft.  per  second  flowed 
in  the  brook. 

The  effects  of  this  flood,  which  are  still  fresh  in  the  public  mind, 
were  such  as  to  lead  to  an  immediate  investigation  of  the  cause  of  the 
trouble  and  the  remedy  to  be  applied.  Three  eminent  engineers  (mem- 
bers of  this  Society)  Messrs.  Clark,  Herschel  and  Francis,  were  appoint- 
ed by  the  Mayor  to  investigate  the  cause  of  the  disaster,  and  submit- 
ted an  elaborate  report  on  the  subject.     (Doc.  159  of  1886) 

The  report  of  the  Commission  deals  with, 

1st.      The  problem  of  the  amount  of  water  to  be  provided  for;  and 
2nd.     The  way  to  get  rid  of  it. 

The  report  of  the  Commission  showed  that  it  was  necessary  to  pro- 
vide for  the  maximum  flow  from  12.727  square  miles  of  watershed  due 
to  the  precipitation  upon  it,  less  the  amount  evaporated  or  absorbed 
by  vegetation,  or  temporarily  lost  by  absorption.  In  order  to  get  at 
the  amount  of  water  to  be  provided  for,  the  Commissioners  cited  six 
different  formulas  for  calculating  the  amount  of  water  theoretically; 
and  also  examined  the  problem  from  an  entirely  practical  point  of 
view.     The  formulas  were: 
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1st.     The  Dickens  formula  which  gave  5,559  cu.    ft.  as  a  flood  dis- 
charging on  the  Stony  Brook  watershed. 

2nd.     The    Dredge  formula  5,011  cu.  ft.  disch. 

3rd.        "      O'Connell 

4th.        "      Craig  " 

5th.        "      Fanning-  " 

6th.        "      Burkli-Ziegler 
These  results  are  very  discordant,  and  with  one  exception  I  do  not 
consider  them  worth  considering.     The  exception  is  the  Burkli-Ziegler 
formula,  which  in  my  opinion  is  a  remarkable  one,  and  entitled  to  con- 
sideration. 


5,011  cu 

.  ft. 

1,886 

do. 

5,313 

do. 

1,666 

do. 

500 

do, 

The  formula  is, 


,i  =  CB  y* 


in  which  Q  =  cu.  ft.  per  second. 

C  is  a  coefficient  ranging  from  .31  to  .75,  depending  on  the  nature 
of  the  surface,  the  higher  coefficient  being  for  districts  with  paved 
streets  and  roofs,  the  lower  for  rural  sections  of  suburbs. 

R  equals  average  intensity  of  rain  during  period  of  heaviest  fall  in 
cu.  ft.  per  second  per  acre;  assumed,  one  half  inch  of  rain  per  hour,  or 
.504  cu.  ft.  per  second  in  the  calculations  of  the  Commission. 

S  equals  general  grads  of  area  per  thousand  feet,  assumed  for  Stony 
Brook  water-shed  at  20. 

A  equals  area  of  water-shed  in  acres,  assumed  for  Stony  Brook  at 
8,145  acres. 

As  previoush'  mentioned,  this  formula  when  used  for  Stony  Brook, 
calling  the  water-shed  a  suburban  one  and  using  the  intensity  of  rain 
as  one  half  inch  of  rain  per  hour,  gave  the  result  of  500  cu.  ft.  per  sec- 
ond: which  agrees  with  the  actual  observations  of  the  amount  of  wa- 
ter which  flowed  in  the  brook  at  that  flood.  I  believe  this  formula  is 
capable  of  giving  the  result  which  the  Commission  Anally  arrived  at 
by  other  methods,  which  provided  for  2,000  cu.  ft.  per  second;  for  if  we 
alter  the  coifficient  C  to  the  one  which  the  Burkli-Ziegler  formula  pre- 
scribes for  paved  and  built-up  areas,  and  change  the  intensity  of  rain  to 
one  inch  per  hour,  which  is  the  amount  generally  calculated  on  in  this 
vicinity,  we  shall  get  a  result  approximating  the  quantities  which  the 
Commission  arrived  at  by  more  practical  methods.  The  report  of  the 
Commission  of  the  amount  of  rainfall  concludes  as  follows: 

"On  a  mature  consideration  of  all  the  conditions  that  occur  to  us, 
but  without  undertaking  to  provide  for  remote  possibilities,  we  are  of 
the  opinion  that  a  rainfall  of  12  inches  in  24  hours  or  the  equivalent 
in  rain,  melted  snow  and  ice  should  be  provided  for.  The  proportion  of 
this  that  would  flow  off  in  the  stream  during  the  same  time  depends 
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largely  upon  the  condition  of  the  valley.  In  its  present  condition, 
probably  not  more  than  £  of  the  whole  amount  would  reach  the  lower 
end  of  the  valley;  the  large  part  of  the  remainder  would  be  held  back  in 
the  meadows  and  other  low  places  to  flow  off  gradually,  as  in  the 
flood  of  February,  1886.  Improvements  will  no  doubt  be  made  at  an 
early  date  to  prevent  this,  and  of  course  a  proportionately  larger 
quantity  will  flow  off  in  a  given  time.  As  the  land  becomes  occupied 
by  buildings  and  assumes  an  urban  character,  with  houses  close  to- 
gether and  with  paved  streets,  or  even  if  the  surface  be  laid  out  as 
a  park  with  driveways  and  subsoil  drains,  a  still  larger  proportion  will 
flow  off  in  a  given  time,  until  ultimately,  if  the  City  continues  to  grow 
in  that  direction  as  it  has  done,  we  estimate  that  in  a  rainfall  such  as 
we  are  considering,  the  maximum  flow  in  the  stream  would  be  about 
f  of  the  rainfall  during  the  same  length  of  time. 

"The  flow  in  the  stream  would  not  be  synchronous  with  the  rain- 
fall, but  later,  and  as  the  storm  progressed,  the  tendency  would  be  for 
the  rate  of  flow  to  approach  the  rate  of  the  rainfall,  and  if  the  rain 
continued  to  fall  indefinitely  at  a  uniform  rate,  the  flow  in  the  stream 
and  rainfall  would  after  a  certain  interval  be  nearly  the  same. 

"Twelve  inches  of  rain  in  24  hours  on  the  water-shed  of  Stony 
Brook  is  at  the  rate  of  4,101  cu.  ft.  per  second.  In  the  present  condi- 
tion of  the  stream  above  the  Pynchon  street  culvert,  we  are  of  opinion 
that  the  maximum  flood  at  that  point  would  correspond  to  about  i  of 
that  rate,  say,  about  1,000  cu.  ft.  per  second;  and  when  the  channels  of 
Stony  Brook  and  its  tributaries  above  the  culvert  are  improved  to  an 
extent  to  relieve  the  meadows  from  being  flooded,  we  estimate  that 
the  maximum  flow  in  the  stream  would  be  about  i  the  rate  of  the 
rainfall,  or  say,  2,000  cu.  ft.  per  second;  and  ultimately,  when  the  val- 
ley is  all  closely  built  upon,  the  rate  of  flow  would  be  equal  to  f  of 
the  rainfall,  or  about  3,000  cu.  ft.  per  second.  It  is  proper  to  explain 
at  this  point  that  the  commission  have  designed  a  channel  to  take 
2,000  cu.  ft.  per  second;  whereas,  their  report  gives  3,000  cu.  ft.  per 
second  as  the  maximum  flow  in  Stony  Brook.  It  is,  however,  possible 
in  the  future  when  the  valley  and  water-shed  has  been  so  built  up 
that  the  flow  amounts  to  3,000  cu.  ft.  per  second,  to  construct  a  tun- 
nel leading  to  the  Neponset  River  which  will  provide  for  a  flow  of 
1,000  cu.  ft.  per  second. 

The  amount  of  water  to  be  provided  for  having  been  determined,  it 
remained  to  design  a  channel  of  a  size  and  shape  sufficient  to  carry  it 
off.     The  elements  which  enter  into  this  design  are: 

1st.     The  inclination  or  hydraulic  gradient  of  the  channel; 

2nd.     Its  shape  and  size ; 

3rd.     Its  mode  of  construction; 

4th.     Its  location. 
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la  determining  the  hydraulic  gradient  of  the  proposed  conduit,  the 
comparative  elevation  of  the  surface  of  the  water  at  the  upper  and 
lower  ends  must  be  considered.  The  elevation  of  the  lower  end  is 
that  of  the  water  in  the  Back  Bay  Park,  which  is  connected  with 
Charles  River.  As  the  river  is  a  tidal  stream  and  as  it  is  not  safe  to 
depend  on  being  able  to  use  the  Back  Bay  Park  as  a  storm  reservoir, 
the  height  to  which  the  tide  in  Boston  Harbor  may  rise  must  be  con- 
sidered. 

The  average  rise  is 10.44 

Frequently,  the  rise  is 12.50 

During  18  years,  the  tide  rose  above 

Grade  13 41  times 

"       13.50 19       " 

"       14 8       " 

"       14.5 3       " 

"       15 1      " 

15.5 1 

The  chance  of  a  freshet  occuring  at  the  same  time  as  a  15-foot  tide 
is  so  slight  that  it  was  not  considered. 

Grade  13  was  adopted  as  the  height  at  which  it  would  be  safe  to  as- 
sume the  tide  on  the  occurrence  of  a  freshet,  and  as  one  foot  fall  was 
allowed  for  the  inclination  between  the  outlet  of  the  conduit  with  Park 
Pond  and  the  River,  it  gives  us  Grade  14  as  the  elevation  of  the  water 
at  the  lower  end  of  the  conduit.  At  the  upper  end  of  the  proposed 
conduit,  it  was  deemed  inexpedient  to  allow  the  water  to  rise  higher 
than  Grade  19.  We  thus  have  a  difference  in  elevation  of  5  feet,  and 
a  length  of  conduit  of  3,911  feet,  from  which  we  can  calculate  the  size 
necessary  to  carry  2,000  cu.  ft.  of  water  per  second. 

The  grade  of  Parker  street  was  such  that  a  single  channel  of  the 
required  dimensions  would  involve  raising  the  grade  of  the  street  sev- 
eral feet,  so  that  a  single  channel  was  recommended  from  the  inlet 
chamber  to  the  corner  of  Longwood  avenue  and  Parker  street,  and  a 
double  channel  from  this  point  to  the  outlet  in  the  Back  Bay  Park. 

The  report  of  the  Commission  (City  Document  159,  1886)  is  a  very 
able  and  interesting  one,  and  contains  much  data  bearing  on  rainfall  and 
the  question  of  the  prevention  of  floods. 

The  report  of  the  Commission  was  made  to  the  Mayor  in  July,  1886, 
and  was  submitted  with  an  approving  message  to  the  Council  in  Au- 
gust. The  report  was  accepted,  and  the  sum  of  §600,000  was  appropri- 
ated to  carry  out  that  section  of  the  work  between  the  junction  of 
Pynchon  and  Tremont  streets  and  the  Back  Bay  Park.  The  carrying- 
out  of  this  work  was  put  in  the  hands  of  Mr.  Seth  Perkins,  the  Super- 
intendent of  Sewers  at  that  time,  and  the  writer  was  appointed  Chief 
Engineer.     Mr.  Sidney  Smith,  member  of  this  Society,  was  Engineer  in 
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charge;  an  engineering  force  was  appointed,  and  plans  and  specifica- 
tions for  the  work  were  at  once  prepared;  and  in  October,  1887,  work 
was  started  on  the  first  section  from  Pynchon  street  across  the  Boston 
and  Providence  Railroad  tracks  to  Tremont  street.  The  following  is  a 
description  of  the  work  in  detail: 

The  work  of  the  improvement  begins  at  a  point  on  the  brook  just 
back  of  and  above  the  car  stables  at  the  Tremont  street  crossing  of  the 
Boston  &  Providence  R.  R.  At  this  point  the  old^channel  of  the  brook 
is  enlarged  to  a  width  of  60  feet,  for  the  purpose  of  constructing  a  set- 
tling basin  in  which  the  sand  and  gravel  washed  down  by  the  water  of 
the  brook  may  settle.  A  low  dam,  18  inches  high  and  60  feet  long,  is 
built  across  the  settling  basin  at  its  lower  end,  to  retain  the  sand  and 
gravel.  The  settling  basin  is  divided  longitudinally  by  a  wall,  which 
will  admit  of  one  side  of  the  basin  being"  cleaned  out  while  the  other  is 
in  use. 

The  cross  dam  at  the  lower  end  of  the  basin  is  surmounted  by  a 
heavy  sloping  iron  screen,  which  will  prevent  the  passage  downward 
of  logs  or  large  cakes  of  ice.  A  small  foot-bridge  is  built  just  over 
the  screen,  on  which  men  may  stand  in  time  of  flood,  and  keep  the 
screen  free  from  obstructions.  Immediately  back  of  the  dam  and 
screen  is  the  inlet  chamber.  This  chamber  is  40  feet  long  and  17  feet 
wide,  and  extends  to  the  depth  of  12  feet  below  the  channel  of  the  old 
brook.  There  are  five  openings  into  the  inlet  chamber,  through 
which  the  water  can  be  admitted  in  time  of  storm.  These  openings 
are  each  10  feet  long,  and  are  raised  above  the  level  of  the  old 
brook  channel,  so  that  the  ordinary  flow  of  the  brook  cannot  enter  the 
chamber,  but  will  continue  in  the  old  course.  The  openings  into  the 
inlet  chamber  are  provided  with  stop  planks,  so  that  the  amount  of 
water  which  is  to  enter  the  chamber  can  be  regulated.  A  dam  just 
below  the  inlet  chamber  will  admit  of  all  water  being  shut  off  from, 
the  old  channel  and  passed  into  the  chamber,  should  it  ever  be  advisa- 
ble to  do  so. 

Section    One. 

At  the  lower  end  of  the  inlet  chamber  the  conduit  proper  com- 
mences. This  conduit  is  a  brick  and  stone  structure  of  horseshoe 
form,  with  interior  dimensions  of  17  feet  in  width  by  15J  feet  in  height. 
The  conduit  crosses  the  railroad  track  of  the  Boston  &  Providecne 
railroad  on  a  sharp  reversed  curve,  and  then  runs  parallel  to  the  rail- 
road track  until  Tremont  street  is  reached.  The  excavation  in  this 
section  is  largely  in  ledge,  and  on  account  of  the  difficulties  and  dan- 
gers incident  to  the  prosecution  of  the  work  under  and  alongside  of 
the  railroad,  it  was  undertaken  by  the  city  instead  of  being  let  by  con- 
tract. The  railroad  track  was  supported  over  the  open  conduit  trench 
by  means  of  heavy  iron  girders,  3  feet  deep  and  36  feet  long,  placed  at 
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right  angles  to  the  conduit  trench.  These  girders  were  eight  in  num- 
ber, and  supported  the  heavy  14X  16-inch  timbers  which  carry  the  rail- 
road tracks.  The  difficulty  of  the  construction  of  Section  1  was  in- 
creased by  the  high  retaining  wall  surmounted  with  tenement  houses, 
which  runs  parallel  with  the  railroad  track,  and  so  close  to  it  that 
there  was  barely  room  for  the  excavation  of  the  trench.  In  some 
cases  the  raiload  had  to  be  undermined  to  allow  of  the  construction  of 
the  masonry. 

Section    Two. 

This  section  of  the  conduit  begins  at  Tremont  street,  close  to  the 
Roxbury  crossing,  extends  through  private  land  and  Gurney  street  to 
Parker  street.  The  original  location  recommended  by  the  Stony 
Brook  Commission  has  been  changed  at  this  point,  as  further  study 
and  estimates  showed  that  a  more  economical  location  could  be  obtain- 
ed. The  conduit  is  built  entirely  through  ledge  in  this  section,  the 
depth  of  cut  varying  from  23  to  35  feet.  The  ledge  was  excavated  by 
conti'act,  and  the  work  presented  no  very  great  dfficulty.  It  is  re- 
markable, however,  for  the  large  amount  of  work  done  in  a  short 
space  of  time,  9,300  cubic  yards  of  rock  having-  been  excavated  in  18 
weeks.  The  brick  masonry  of  this  section  was  put  in  by  the  city. 
Section    Three. 

This  Section  begins  at  the  junction  of  Gurney  and  Parker  streets, 
and  extends  down  Parker  street  a  distance  of  600  feet.  Rock  is  en- 
countered for  a  distance  of  about  150  feet,  after  which  the  excavation 
is  in  clay,  sand  and  gravel.  The  depth  of  tiie  conduit  on  Gurney  street 
is  35  feet,  and  at  the  end  of  the  contract  it  is  24  feet  below  the  surface 
of  the  street.  The  dimensions  of  the  conduit  on  this  section  are  17  by 
15£  feet,  the  form  being  of  horseshoe  shape;  the  structure  is  built  on  a 
concrete  bottom,  with  heavy  rubble  stone  side  walls  and  brick  arch. 
The  concrete  bottom  and  stone  side  walls  are  lined  with  eight  inches 
of  brick  work,  and  the  brick  arch  which  covers  the  conduit  is  twenty 
inches  thick.  The  inside  of  the  conduit  presents  a  smooth  brick  sur- 
face. This  section  of  the  conduit  presented  great  difficulties  in  con- 
struction. The  easterly  side  of  Parker  street  is  lined  with  six-story 
brick  and  stone  breweries,  which  tower  upward  to  a  great  height.  The 
excavation  of  a  trench  35  feet  deep  and  28  feet  wide  in  sand  and  gravel 
alongside  such  huge  structures  required  the  greatest  care  and  precau- 
tion, as  any  movement  of  the  soil  would  cause  the  settlement  and 
cracking  of  the  walls  of  the  buildings. 

Section    Four. 

This  section  starts  at  the  end  of  Section  3,  and  extends  along  Parker 
street  a  distance  of  600  feet.  Owing  to  the  elevation  of  Parker  street, 
it  was  found  impossible  to  build  the  conduit  as  a  single  channel,  as  its 
top  would  project  above  the  elevation  of  the  street.      It  was  conse- 
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quently  built  as  a  double  conduit.  Eacb  of  the  twin  conduits  is  12 
feet  high  and  12.5  feet  wide.  These  conduits  are  separated  by  a  brick 
wall  16  inches  thick,  and  are  covered  by  brick  arches  16  inches  in 
thickness.  The  same  general  plan  of  construction  is  adopted  as  in  the 
large  single  channel;  that  is,  a  concrete  bottom,  with  stone  side  walls, 
lined  with  brick  and  then  covered  with  brick  arches.  The  material  in 
wjiich  this  conduit  is  built  is  sand  and  clay  for  250  feet,  after  which 
mud  is  encountered.  Where  the  mud  occurs  the  conduit  is  founded 
on  piles.  Bents  of  13  piles,  spaced  3  feet  apart  are  driven  through  the 
mud  into  a  solid  bearing  in  the  underlying  clay.  The  bents  are  then 
capped  with  long  spruce  timbers  10  inches  square.  On  these  timbers 
4-inch  spruce  planking  is  fastened,  and  the  masonry  built  on  the  plank 
foundation.  The  double  conduit  requires  a  very  wide  trench  (37  feet) 
and  occupies  the  whole  street.     The  work  was  done  by  contract. 

Section    Five. 

This  section  is  a  continuation  of  Section  4,  and  extends  down  Park- 
er street  600  feet.  The  conduit  consists  of  double  channel  similar  to 
that  of  Section  4.  The  first  200  feet  of  the  conduit  are  built  on  a  pile 
foundation,  after  which  the  mud  is  passed,  and  the  conduit  for  the  bal- 
ance of  the  section  is  founded  directly  on  the  clay.  The  feeding  canal 
of  the  Sewell  &  Day  cordage  works  runs  close  to  the  side  of  the  trench 
in  this  section,  and  care  had  to  be  exercised  in  the  bracing  of  the  trench. 
The  section  was  built  by  contract. 

Section  Six. 
This  section  extends  along- Parker  street  to  the  junction  of  Hunting- 
ton avenue.  The  material  excavated  from  the  trench  consisted  of 
clay,  sand  and  gravel.  The  conduit  is  of  the  same  size  and  shape  as  on 
sections  4  and  5.  Considerable  water  was  met  with  on  this  section,  as 
the  material  passed  through  was  porous  and  admitted  the  water  from 
the  neighboring  canal.  Steam  pumps,  working  day  and  night,  were 
required  to  keep  the  trench  dry.  The  work  was  done  by  contract.  At 
the  lower  end  of  this  section  a  large  amount  of  work  was  necessitated 
by  the  construction  of  the  conduit.  The  top  of  the  conduit  extends 
from  3  feet  below  the  surface  of  the  street  to  a  depth  of  17  feet.  It 
thus  makes  a  dam  across  Huntington  avenue  at  this  point,  and  necessi- 
tated the  construction  of  an  expensive  siphon  to  conduct  the  sewage 
in  the  Huntington  avenue  sewer  under  the  conduit.  At  this  point  the 
conduit  is  founded  on  quicksand,  and  as  it  would  be  impossible  in  the 
future  to  build  a  sewer  under  the  conduit  without  great  risk  of  under- 
mining it,  the  intercepting  sewer  which  was  to  be  built  by  the  Sewer 
Department  to  drain  Brighton  and  the  Charles  River  valley  was  con- 
structed at  this  point  simultaneously  with  the  conduit.  Overflows 
and  gates  connecting  the  conduit  and  sewers  are  constructed  at  this 
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point  in  order  that  the  conduit  may  be  emptied  of  water  whenever  it 
is  necessary. 

Section    Seven. 

This  section  extends  from  Huntington  avenue  through  the  Back 
Bay  Park  to  the  outlet,  a  distance  of  about  650  feet.  The  double  con- 
duit ends  at  Huntington  avenue,  and  from  this  point  through  the  Park 
the  channel  is  open,  and  presents  the  appearance  of  an  open  canal,  42 
feet  wide  and  600  feet  long.  The  banks  of  this  canal  slope  up  and 
reach  a  width  of  92  feet  at  the  top.  The  floor  of  the  canal  is  made  of 
concrete  and  the  banks  up  to  the  water  line  are  paved  with  stone  to' 
preserve  them.  From  the  water  line  to  the  top  of  the  bank  the  slope 
will  be  sown  with  grass  seed  and  shrubbery  planted,  thus  giving  to  the- 
waterway  an  ornamental  appearance.  At  a  distance  of  about  500  feet 
from  Huntington  avenue  the  canal  will  be  crossed  by  a  stone  arch 
bridge  of  a  construction  that  will  be  in  harmony  with  the  general 
landscape  features  of  the  Park.  The  work  of  this  section  was  done  by 
the  city. 

The  cost  of  the  whole  conduit,  is  $650,000.  The  work  was- 
completed  practically  in  one  working  season,  and  it  is  doubtful  if  there 
are  many  cases  in  this  country  of  a  work  of  such  magnitude  being 
completed  in  such  a  short  time. 

Incidental  to  the  construction  of  the  conduit,  the  main  outlet  sewer 
for  the  drainage  area  in  the  vicinity  of  Parker  Hill,  comprising  130 
acres,  was  reconstructed.  The  sewer  was  moved  from  Parker  street 
(its  former  location),  and  reconstructed  in  Phillips,  Ward  and  Van- 
couver streets  and  Huntingtdn  avenue.  This  outlet  sewer,  with  the 
necessary  changes  in  branch  sewers,  involved  the  expenditure  of  $60, 
000,  and  was  not  contemplated  in  the  original  estimate. 

The  entire  work,  both  City  and  Contract,  was  done  under  compe- 
tent inspection,  and  the  character  of  the  masonry  is  first-class  in  every 
particular.  Diagrams  and  measurements  taken  in  the  conduit  after 
completion,  show  that  the  masonry  has  held  its  shape  and  that  the 
settlement  of  the  crown  of  the  arch  was  inconsiderable.  As  far  as  I 
am  informed,  the  conduit  is  only  surpassed  in  size  in  this  country  by 
the  Washington  sewer  and  the  Mill  Creek  sewer  in  St.  Louis.  I  have 
been  unable  to  find  that  an}'  sewer  in  London  or  Paris  equals  this  con- 
duit in  size. 

Work  was  commenced  on  the  conduit  in  October,  1887,  and  in 
December,  1888,  water  was  sent  through  the  new  channel. 

Of  the  $650,000  expended,  about  $200,000  was  paid  for  labor  em- 
ployed by  the  City,  the  balance  being  expended  on  contracts  and  mate- 
rials. 

The  completion  of  this  conduit  does  away  with  all  danger  of  flood- 
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ing  on  Stony  Brook  below  the   Roxbury  crossing,  as  all  the  water  can 
be  turned  down  the  new  channel  at  a  moment's  notice. 

The  flooding  of  cellars  and  meadows  will  still  continue  in  Jamaica 
Plain  and  West  Roxbury  until  such  time  as  it  is  deemed  advisable  to 
extend  the  conduit.  The  practical  workings  of  the  Inlet  Chamber  and 
conduit  leave  nothing  to  be  desired;  and  it  is  well  worth  a  visit  to  the 
Inlet  Chamber  during  an  extraordinary  storm  in  the  winter,  to  see  the 
wrater  pour  into  the  new  conduit  from  the  openings  in  the  Inlet 
Chamber. 


STRAINS  IN  PORTAL  OF  THROUGH  BRIDGES. 


By  Albert  H.  Howland,    Member  Boston  Society  of  Civil 
Engineers. 


[  Read  April  20,  1892.  ] 

The  importance  of  providing  adequately  for  the  strains  resulting 
from  wind  pressure  upon  bridges  and  similar  structures  was  brought 
forcibly  to  the  attention  of  engineers  by  the  failure  of  the  Tay  Bridge.* 

The  amount  of  that  pressure  having  been  assumed,  the  resulting 
strains  are  very  readily  determined  for  the  horizontal  bracing  between 
the  chords;  but  for  the  portal  of  through  bridges  the  calculation  is 
more  complicated.  The  generally  accepted  method  of  calculating 
these  strains  is  very  plausible,  but  it  gives  results  that  are  only  about 
one-half  or  one-third  as  great  as  they  should  be. 

Most  of  the  various  forms  of  portal  bracing  in  common  vise  may  be 
classified  as  follows: 

1st.  Those  consisting  of  an  upper  and  lower  horizontal  strut  with 
diagonals  between:  and 

2nd.     Those  consisting  of  one  strut  with  corner  brackets. 

In  the  following  I  give  methods  of  calculating  the  strains  in 
these  cases  under  two  assumptions  as  follows: 

"This  paper  was  written  in  Jan.  1881.  and  at  that  time  the  failure  of 
the  Tay  Bridge  was  a  recent  event.  The  disaster  at  Moenchenstein  in 
Switzerland  last  summei  has  been  attributed  to  the  lack  of  portal  bracing, 
and  it  seems  to  me  altogether  probable  that  that  was  a  contributing  cause 
if  not  the  chief  one.  The  importance  of  portal  bracing  is  a  matter  that  I 
brought  to  the  attention  of  the  society  early  in  1881,  (proceedings,  page  138) 
which  is  the  first  time,  so  far  as  I  know,  that  the  magnitude  of  these 
strains  has  been  pointed  out.  Similar  conditions  are  liable  to  occur  in  the 
case  of  towers  for  trestles  or  other  purposes,  and  of  high  buildings  expo- 
sed to  wind.  A.  H.  H. 
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{a),  end  posts  free  to  bend  laterally  at  base;  and 

(6),  end  posts  fixed  at  base. 

The  letters,  A,  B,  and  G,  which  designate  points  on  the  figures,  are 
also  used  to  represent  the  forces  or  components  acting  at  those  points, 
a  subscript  h  or  v  showing  whether  the  component  is  horizontal  or  ver- 
tical. Let  H  =  lateral  force  acting  at  top  corner  of  windward  truss. 
Assume  that  the  horizontal  re-action  at  foot  of  each  end  post  is  $  H. 


(This  assumption  would  not  be  exactly  realized  in  practice,  but  the  er- 
ror involved  is  immaterial.) 

Case  1  (a).     The  strain  produced  on  B  E  (fig  1.)  by  A  C  acting  as 

a  lever  is  I  H  r  :  the  strain  on  C  F  by  lever  D  F  is  &  H  ?  ,  to  which 

is  to  be  added  H  which  acts  on  C  F  directly,  making  a  total  of 

for  C  F. 

Strain  on  C  E  =  total  of  horizontal  forces  acting  at    C  X  sec  S 
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=/  i  H  ^  by  lever  A  C  and  H  ( \  h"   +   1 )  by  strut  C  f\  X  sec.  9 

=  H  —  sec.  0. 
hi 

Strain  on  end  post  A  C  =  strain  as  member  of  truss  +  vertical  com- 
ponent of  strain  on  C  e(  viz:  -ff-7    )    +    transverse   strain   which  is 

maximum  at  B. 

Case  1  (6).     Let  fig.  2  represent  an  end  post  under  action  of  the 


i 
i 


%-£ ■■:- 


A  4, 


-*— * i 


iH' 


<^.<3. 


H^ 


lateral  forces,  viz:  A  (which  is  £  iT),  and  -B  and  C  which  are  as  yet 
undetermined.  Let  dc  and  dB  be  the  lateral  deflections  from  A  X, 
the  original  direction  of  the  post.  Then  according  to  the  elastic 
relations 


dc  -  dB  =  JL  (  q  ( ^  +  v  *,  ) 


i7  7it  7u2 


Now  the  lateral  forces  distort  the   original  rectangle  B  C  F  E; 
let  8  =  the   angular  distortion  and  put  A  =  7ii  tan.  S;   I  estimate 
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this  to   be  A  =  .0004  b  (sec.2  &  +  0.4  )  approximately.       Equating 
this  to  the  value  of  dc  —  dB  given  above,  and  reducing,  we  have 

j  H  hf  t   K  I  taa.  8 
i  V  +  hi  h2         * 

Then  strain  on  B  E  =   C  +  A  =   C  +  \  H;  strain  on  C  F  =  C  +  H; 
and  strain  onCE=(2C  +  H)  sec.  0;  moment  on  post  at  B  =  Chi. 
Case  2  (a).     A  B  C  ( fig  3 )  as  a  lever  is  acted  upon  by  three  hori- 
zontal forces:  one  of  these  Ch  =  i  H--T-  ,    which   =   tension  on  C  N; 

hi 

compression  on  C  N  upon  reversal  of  strains  would  be 
Ch   +  K=i7(l+i|); 

compression  on  N  M  =  I  H;  tension  or  compression  on  A  B  =  H  —, 

on  B  C  =  H  ■-  X  —,  on  BN=^H^r  sec.  &;  bending  moment  at 
b        n  "hi 

h 

N  =  H  -£  X  m,  at  B  =  A  H  h2. 
b 

Case  2  (6).     My  solution  of  this  case  involves  processes  more  tedious 

than  those  already  given,  so  I  omit  it,  giving  however  a  few  results 

below. 

EXAMPLES. 

Case  1.  Let  H  =  10,000  lbs.;  fet  =  9';  H*  =  18';  h  -  27';  b  =  15'; 
/=  800.  Then,  according  as  assumption  (a)  or  (6)  applies,  the  strain 
on  C  E  will  be  35,000  lbs.  or  24,000  lbs. ,  results  that  are  txoo  or  three 
times  as  great  as  the  usual  method  of  calculation  gives. 

Case  2,  Let  H  =  10,000  lbs.;  ht  =  5';  h2  =  20';  h  =  25';  b  =  15'; 
m  =  2'  6":  n  =  5':  I  =  1,000.  Then,  according  to  which  of  the  two 
assumptions  applies,  the  strain  on  B  N  will  ba  35,000  lbs.  or  22,000  lbs., 
and  that  on  C  N  will  be  30,000  lbs.  or  21,000  lbs.  These  strains  are 
two  or  three  times  as  great  as  the  lateral  force  that  causes  them. 

Methods  somewhat  similar  to  those  given  above  are  applicable  to 
other  forms  of  portals,  and  to  roofs  supported  on  columns. 
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By  F.  E.  Sickels,    Member  Engineers'   Club  op  Kansas  City. 


[Read  October  10,  1892.] 

In  looking  back  over  the  progress  of  improvements  in  transporta- 
tion of  passengers  and  freight  we  may  notice  the  short  cast  iron  rail 
laid  on  stone  blocks  of  the  last  century,  and  the  strap  rail  of  the  early 
part  of  this  century,  laid  on  continuous  stone  or  wood  sleepers,  and 
then  the  T-rail  laid  on  cross  ties  of  the  present  day.  The  locomotive 
first  exhibited  in  London  as  a  toy  in  the  beginning  of  this  century  next 
created  a  violent  opposition  by  running  over  a  road  through  fields  in 
which  cattle  were  grazing  (1812),  this  provoking  the  owners  to  appeal 
to  the  courts  praying  that  their  cattle  may  be  permitted  to  enjoy 
their  food  without  being  annoyed  by  the  noise,  smoke,  etc.,  of  such 
a  traveling  monster.  Next  the  passenger  locomotive  was  advertised  to 
start  "weather  permitting"  and  now  we  have  locomotives  weighing 
over  sixty  tons  hauling  trains  at  the  rate  of  sixty  miles  per  hour. 

The  steamer  of  the  last  century  is  found  in  the  beginning  of  this  to 
have  become  a  commercial  success.  The  steamship  of  1819  made 
one  trip  to  Europe  and  on  her  return  was  sold,  the  machinery  for  old 
iron  and  the  steam  cylinder  to  be  used  as  a  blowing  cylinder  to  a 
foundry  furnace,  doing  service  for  thirty  years.  The  next  steamship 
to  cross  the  Atlantic  only  made  one  voyage.  The  third  attempt  was 
made  by  a  steamship  which  returned  to  England  and  did  not  again  try 
to  cross  the  ocean.  The  fourth  attempt  (the  Great  Western)  was  a 
commercial  success  and  we  now  have  steamships  nearly  600  feet  long-, 
two  in  course  of  construction  643  feet  long,  and  one  recently  com- 
menced 700  feet  in  length. 

While  the  progress  here  indicated  has  been  recently  made,  it  is 
true  that  the  knowledge  of  the  thoug'htful  engineer  of  the  present  day 
is  in  advance  of  his  practice.  The  tendency  of  capital,  asaj.eueral 
rule,  is  to  embark  in  enterprises  only  after  their  money  earning  capac- 
ity has  been  established.  Projectors  of  new  designs  must  be  able  to 
show  that  money  can  be  made  by  following  their  plans  before  they 
can  hope,  in  most  cases,  to  succeed  in  obtaining  the  necessary  funds 
to  insure  success.  Any  wide  departure  from  the  plans  now  in  use  in- 
vites criticism  from  the  prudent  men  of  money,  hence  the  conserva- 
tive engineer  must  propose  only  such  plans  as  involve  the  use  of  what 
has  been  previously  tried  and  found  profitable.  An  engineer  who 
strikes  out  boldly  with  new  plans,  however  good  they  may  be,  will 
thereby  lose  the  confidence  of  a  large  majority  of  investors  and  come 
to  be  regarded  as  unreliable.       If  possible,  in  proposing  a  new  design, 
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engineers  should  show  that  all  parts  have  been  well  tried  separately 
and  that  the  combination  suggested  does  not  involve  an  experiment. 
Much  of  this  timidity  of  capital  has  been  fostered  by  the  failure  of 
schemes  inaugurated  without  due  consideration  by  incompetent  or 
speculative  engineers  who  had  the  ability  to  impress  capitalists  with 
a  belief  in  the  soundness  of  their  judgment,  while  their  only  real  intel- 
lectual gifts  consisted  in  an  intuitive  knowledge  of  human  nature. 

Notwithstanding  all  these  drawbacks,  however,  the  rapid  strides  in 
engineering  during  the  present  century  are  calculated  to  encourage 
the  hope  that  the  next  century  will  not  close   until  the  earth  has  on 
its  surface  niany  gigantic  exhibitions  of  human  skill.       The  tendency 
to  construct  engineering  works  of  great  magnitude  has  already  pushed 
engineering  practice  much  in  advance   of  what  it  was  even  twenty 
years  ago.      The  consolidation  of  routes  under  one  management  has 
progressed  until  traffic   arrangements  are  in   effect  over  the  civilized 
world.       The  outlook  for  the  future  as  indicated  by  the  experience  of 
the  past  is  that  an  international  passenger  and  freight  line  around  the 
world  will  be  established,  over  which  local  interest  will  have  no  con- 
trol.    Ships  of  1,000  feet  in  length  and  100  feet  beam  will  be  built,  and 
these  will  not  come  into  harbors,  but  will  find  their  berths  in  ferry 
slips  built  out  from  the  shores  of  the  ocean.     These  ships  will  be  load- 
ed and  unloaded  within  forty -eight  hours  of  twenty  thousand  tons  of 
freight  which  will  be  received  on  tracks  on  each  side  of  the  ferry  slip, 
thus  saving  one-third  to  one-half  the  time  now  required.       They  will 
run  in  and  out  of  these  slips  in  storms  and  foggy  weather,  and  all  the 
anxiety  of  coming  into  port  will  be  avoided.     No  special  pilots  will  be 
required  to  assist  in  navigating  them  as  they  can  run  at  full  speed  on- 
to soundings,  and  their  whistles  will  be  answered  so  that  they  may 
know  exactly  where  they  are  in  the  thickest  fogs.     If  off  their  course, 
their  captains  will  make  the  corrections  and  keep  on  under  full  head- 
way until  arrival  in  the  slip.       Collisions  with  passing  vessels  will  be 
avoided,  as  coasting  crafts  will  naturally  give  these  ferry  slips  a  wide 
berth,  and  when  they  hear  the  whistles  of  the  big  ships  in  heavy  fogs 
will  keep  out  of  the  way  as  they  will  have  the  wide  ocean  to  steer  to. 
These  large  steamships  will  pay,  as  they  can  afford  to  do  the  business 
for  at  least  one-third  of  the  present  cost,  six  days  on  the  Atlantic  and 
two  in  port,  using  three-fourths  of  the  time  for  transportation.      Pas- 
sengers on  these  ships  can  remain  on  deck  in  all  kinds  of  weather  with- 
out experiencing:  sea-sickness,  as  the  rolling  and  pitching  motion  of 
such  large  vessels  is  too  slow  to  produce   nausea.       With  a  draft  of 
thirty-five  feet  and  a  promenade   deck  of  twenty-five  feet  above  the 
water,   the  waves  even  in  the  heaviest  weather  would  not  come  on 
board  to  any  great  extent. 

The  proprietors  of  the  present  trans- Atlantic  lines  destroy  the  val- 
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ueof  their  property  in  old  steam  vessels  as  fast  as  they  build  larger 
passenger  ships,  as  the  smaller  ones  then  become  of  little  value,  and  it 
js  reasonable  to  infer  that  a  line  of  ships  as  here  indicated  would  con- 
trol the  great  bulk  of  travel,  especially  when  connecting  with  a 
through  railway  route  across  the  continent,  with  corresponding  ships 
on  the  Pacific,  making  a  schedule  time  of  twenty  days  from  Europe  to 
China  across  America,  and  half  this  time  by  through  rail  across  Asia. 
The  cost  of  through  railroads  to  connect  with  these  steamship  lines 
will  necessarily  be  excessive,  as  locomotives  weighing  100  tons  will 
be  necessary,  if  they  remain  in  use,  to  insure  hauling  the  trains  with 
all  passerger  requirements  and  conveniences  in  all  kinds  of  weather 
and  on  schedule  time.  The  route  will  be  selected  without  regard  to 
present  local  requirements,  so  as  to  build  the  best  through  line  with- 
out grade  crossings  as  far  as  possible,  and  It  will  therefore  not  pass 
through  many  of  the  present  large  cities. 

New  cities  will  spi'ing  up  along  this  international  route,  and  these 
will  be  different  from  the  present  ones  in  that  they  will  be  a  collec- 
tion of  conveniences  without  nuisances,  whereas  the  present  cities 
are  a  mixture  of  conveniences  and  nuisances.  For  sanitary  reasons 
animals  will  not  be  permitted  in  these  cities,  in  civilized  countries. 
Local  traffic  now  requiring  horses  will  be  accomplished  by  means  of 
storage  batteries,  compressed  air  or  steam.  The  sewerage,  drainage, 
the  supply  of  heat  and  cold,  water  and  light,  etc.,  will  be  arranged  to 
protect  the  citizens  from  any  of  the  inconveniences  which  now  accom- 
pany their  use  in  the  present  cities.  These  new  cities  will  come  in- 
to competition  with  the  old,  with  the  advantages  in  favor  of  the 
new. 

It  may  be  urged  that  cities  near  these  ocean  ferry  slips  will  be  lia- 
ble to  attack  from  hostile  fleets  in  time  of  war.  It  is  true  that  fleets 
have  one  feature  that  gives  them  great  power  in  some  cases,  that  is, 
their  ability  to  act  together  to  produce  an  enormous  concentration  of 
fire.  But  they  can  be  readily  repulsed  by  torpedoes  in  various  forms, 
such  as  fixed,  moving,  floating,  double  and  concealed  moving  torpe- 
does. Machine  or  rapid  firing  guns  are  relied  upon  to  act  against 
these  torpedoes,  but  such  reliance  is  misplaced  as  against  the  most 
formidable  torpedoes  such  as  the  invisible  fixed  and  moving.  As 
long  as  batteries  afloat  are  relied  upon  to  attack  shore  cities  their 
efficac}7  is  extremely  limited  by  reason  of  the  ease  with  which  their 
floating  power  may  be  destroyed  by  the  torpedoes  of  recent  design. 

It  may  be  expected  that  this  through  line  around  the  world  will 
have  a  depressing  effect  upon  some  interests  and  will  meet  with  much 
opposition,  but  the  younger  engineers  of  the  present  day  can  look  for- 
ward with  hope  to  see  the  project  here  outlined  accomplished  together 
with  many  other  engineering  works  which  will  tax  their  best  energies. 
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As  many  subjects  have  been  already  proposed  for  discussion  by  the 
gathering  of  different  nationalities  at  Chicago,  perhaps  it  may  not  be 
out  of  place  to  propose  that  the  subject  of  an  international  railway 
and  steamship  line  be  offered  for  consideration.  The  practical  bearing 
of  such  a  proposition  consists  mainly  in  the  fact  that  all  great  changes 
require  long  previous  discussion  to  the  end  that  the  public  may  to 
some  extent  be  prepared  for  them  when  they  occur. 


WATER  PIPE  AND  PRESSURES  IN  CITIES  AND  TOWNS. 


By  W.   F.  Goodhue,  Member,    Wisconsin  Polytechnic  Society. 


[Read  January  11,  1892.] 

In  this  paper  when  commenting  upon  the  general  efficiency  of  a  wa- 
ter-works system  as  planned  and  built  nowadays,  reference  is  made  at 
the  commencement  to  the  water  system  of  Chicago;  not  however  with 
a  view  to  awaken  a  critical  discussion  of  that  subject,  nor  to  comment 
derogatory  to  its  numerous  projectors,  but  to  show  in  what  manner 
the  water  system  of  Chicago  compares  in  its  inception  and  growth 
with  those  of  smaller  cities  in  the  west:  how  the  Chicago  system  has 
grown  to  its  present  magnitude  to  conform  to  ui'gent  needs,  occasion- 
ed by  the  remarkably  rapid  growth  of  that  city;  also  show  something 
of  the  difficulties  encountered  in  enlarging  a  system  that  was  too  con- 
tracted at  its  inception.  The  history  of  the  Chicago  system  has.  in 
this  respect,  been  paralleled  by  other  cities  in  the  north-west. 

Sometime  last  summer  a  prominent  official  of  the  Chicago  Fire  De- 
partment visited  Milwaukee,  and  while  here  was  interviewed  by  a 
newspaper  reporter  concerning  "Fire  and  Water,"  as  these  subjects  are 
tersel}'  expressed  in  municipal  parlance.  If  this  officer  was  correctly 
quoted  he  said,  substantial^:  "That  the  Chicago  Fire  Department  had 
concluded  that  Chicago  and  all  other  large  cities  should  have  a  system 
of  high  pressure  water-works,  independent  of  the  system  supplying 
consumers;"  which  means,  allowing  me  a  free  interpretation  of  that 
officers'  idea:  that  there  should  be  in  all  large  cities  two  separate  sys- 
tems of  water-works:  one  of  great  pipe  capacity  and  high  pump  pres- 
sure for  the  extinguishment  of  fires  and  a  secondary  system  of  lesser 
pipe  capacity  and  pump  pressure  for  supplying  consumers.  How  re- 
cently the  Chicago  Fire  Department  officials  have  come  to  such  a  con- 
clusion I  do  not  know,  but  a  similar  opinion  has  long  been  entertained 
by  the  earlier  engineers  of  the  Board  of  Public  Works  of  that  city.  In 
1876,  Mr.  E.  S.  Chesbrough,  then  City  Engineer  of  Chicago,  laid  about 
eight  miles  of  twent3T-four  and  thirty-six  inch  pipe  in  that  city  to  meet 
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a  much  needed  requirement  of  large  pipe  capacity,  and  a  large  pump- 
ing plant  was  erected  at  the  same  time  to  furnish  higher  water  pres- 
sures throughout  the  city. 

Concerning  the  Chicago  water  system  at  that  period,  Mr.  Ches- 
brough  said:  "The  system  as  it  now  exists  is  not  the  result  or  carrying 
out  of  any  definite  plan  formed  in  the  beginning,  for  no  one  then  knew 
how  rapidly  the  city  would  grow,  in  what  direction  the  greatest  in- 
crease would  take  place,  nor  what  would  be  the  demand  for  water  in 
proportion  to  the  population;  all  these  conditions  greatly  exceeded 
the  views  of  the  first  projectors  of  the  works." 

Mr.  Chesbrough,  I  may  add,  died  some  years  ago  and  the  population 
since  his  death  has  nearly  doubled;  the  system  he  enlai'ged  and  rebuilt 
to  meet  the  requirements  of  his  day,  is  now  being  again  enlarged  to 
meet  a  much  greater  demand  for  water  than  he  had  to  face  twenty 
years  ago.  In  1868,  Mr.  Chesbrough  completed  the  first  lake  tunnel 
for  the  city's  water  supply,  and  this  tunnel'when  completed  was  held 
to  be  adequate  for  some  years  to  come.  In  1875,  he  completed  the  se- 
cond tunnel,  and  the  combined  supply  of  the  two  were  then  held  to  be 
adequate  for  some  years  to  come.  Now  the  city  is  building  a  third 
tunnel,  larger  than  the  two  already  built,  and  time  will  tell  if  the 
three  combined  will  furnish  an  adequate  supply  of  water  for  some 
years  to  come. 

The  pipe  capacity  of  Chicago's  system  at  the  time  of  the  great  fire 
in  1871,  is  worthy  of  more  than  a  passing-  notice;  undoubtedly  it  lack- 
ed in  capacity  when  that  great  calamity  fell  upon  the  City.  After  the 
great  fire  of  1871,  and  the  smaller  yet  disastrous  fii-e  of  1874,  the  Citi- 
zen Association  of  Chicago  was  organized  and  this  body  investigated 
quite  thoroughly  the  water  system  of  the  city,  and  the  result  of  this 
investigation  was  an  ui'gent  demand  for  larger  water  mains.  At  this 
time  the  largest  main  in  the  city  was  but  16  inches  in  diameter,  and  a 
large  proportion  of  the  street  supply  pipe  was  3  and  4  inches  in  diame- 
ter. Had  the  system  contained  the  large  24  and  38  inch  mains  in  1871, 
that  were  afterward  laid  by  Mr.  Chesbrough  in  1876,  it  is  extremely 
doubtful  if  those  two  great  fires  would  have  made  the  disastrous  head- 
way they  did,  or  would  have  become  the  famous  events  of  that  great 
city. 

If  memory  serves  me  correctly  regarding  statistics  of  Chicago  some 
twenty  years  ago,  there  were  in  that  city  about  52,000  buildings 
in  1871;  of  this  number  about  4,000  were  masonry  s  ructures,  the  re- 
mainder were  wood  structures  and  were  so  sandwiched  together  that 
one  served  as  kindling  wood  for  the  other.  I  well  remember  that  after 
both  of  the  fires  had  occurred  there  were  complaints  made  of  an  insuffi- 
ciency of  water,  how  well  grounded  these  complaints  were  I  cannot 
now  say,  but  the  alleged  insufficiency  of  water  might  have  been  an  in- 
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sufficiency  of  pressure,  due  to  the  excessive  use  of  water  at  those  par- 
ticular times,  also  to  the  great  mileage  of  small  pipe  the  water  system 
of  Chicago  had  at  that  period.  In  1871,  the  total  mileage  of  pipe  was 
about  380  miles;  of  this  amount  293  miles  consisted  of  3,  4,  6  and  8  inch 
pipe;  the  remaining  81  miles  were  10,  12  and  16  inch  pipe;  a  majority 
of  the  hydrants  were  single  nozzled.  The  area  of  the  City  was  then 
about  30  square  miles;  its  population  about  250,000.  This  contracted 
pipe  system,  together  with  the  preponderance  of  wood  structures  were 
disadvantages  which  told  heavily  against  the  efforts  of  the  fire  depart- 
ment in  the  great  conflagration.  In  1876,  Mr.  Chesbrough  said  in  his 
annual  report:  The  increase  of  population  and  consequent  growth  of 
the  city  and  the  greatly  increased  height  and  value  of  buildings  in  its 
business  portions,  have  demanded  a  greatly  increased  capacity  for  fur- 
nishing water, — and  to  meet  this  requirement  he  tells  what  he  has 
done:  "a  grand  circuit,  four  miles  north  to  south,  and  two  miles  from 
east  to  west,  of  24  and  36  inch  pipe  has  been  laid,  while  the  laying  of 
4  inch  pipe  has  been  discontinued."  He  further  says:  "the  city  as  a 
whole  and  especially  its  most  valuable  portions  are  much  better  pro- 
tected against  fire  than  ever  before."  The  average  daily  consumption 
of  water  in  1877  was  42,000,000  gallons. 

Summarizing  briefly,  the  water  system  of  Chicago  has  been  from 
its  inception  a  forced  growth,  and  from  its  many  enlargements  is  to-day 
a  somewhat  involved  and  intricate  system;  it  was  never  a  broadly  con- 
ceived plan,  commensurate  with  the  city's  commercial  importance, 
nor  its  manifest  destiny.  Of  course  it  cannot  be  expected  that  in  1850, 
the  then  city  authorities  would  lay  a  36  inch  water  main,  but  in  1870, 
with  a  population  of  over  200,000,  it  took  a  tremendous  risk  by  at- 
tempting to  afford  fire  protection  to  a  city  of  that  size,  with  the  same 
main  pipe  capacity  originally  designed  for  a  city  having  only  one-fifth 
the  population  and  one-third  less  area.  In  1865  the  water  supply  was 
located  on  the  lake  shore  and  the  water  furnished  the  city  then  was  a 
villainous  compound  of  dead  fish,  sediment  and  shore  washings.  It 
was  the  bad  condition  of  the  water  supply,  more  than  any  desire  to  af- 
ford better  lire  protection,  that  induced  the  city  to  build  the  first  lake 
tunnel.  In  1868,  when  this  first  lake  tunnel  was  completed  was  the 
time  to  increase  the  pipe  and  pump  capacity  of  the  city  system,  and 
thus  possibly  have  prevented  the  great  conflagration  three  years  later. 
But  the  projectors  of  Chicago's  water  supply  in  the  different  periods 
of  enlargement  labored  under  the  same  disadvantages  that  are  com- 
mon to  the  municipal  engineer  everywhere.  That  narrow  minded  con- 
servative element  which  exists  in  all  cities  would  never  allow  the  exe- 
cution of  work  from  plans  for  a  water  system,  based  upon  broad  lines 
of  utility,  efficiency  and  considerations  of  future  growth  and  devel- 
opment; the  average  conservative  citizen  is  never  impressed  with  fu- 
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ture  needs  when  considering  present  improvements;  but  the  conserva- 
tism of  corporate  authority  must  be  recognized  and  is  recognised  by 
the  engineer  because  it  controls  the  finances  of  the  corporation,  yet 
there  are  many  known  instances  where  this  conservatism  has  entail- 
ed a  heavier  additional  expense  upon  a  city,  than  would  otherwise 
have  occurred  had  it  existed  with  less  strength  of  purpose  at  the  be- 
ginning of  the  outlay. 

In  some  towns  where  I  have  been  engaged  on  work,  this  element 
has  wanted  sewers  built  abnormally  large  (an  extravagant  incongrui- 
ty by  the  way)  and  then  wanted  water  pipe  extremely  small.  It 
wants  small  pumps,  regardless  of  the  required  pump  duty,  because 
they  are  cheaper  than  the  large  pumps;  they  want  light  iron  bridges 
because  they  are  cheaper  than  heavier  ones,  and  at  times  it  is  extreme- 
ly difficult  to  convince  these  so-called  conservatives,  that  the  same 
efficient  pressure  cannot  be  obtained  from  500  feet  of  4  inch  pipe,  that 
can  be  had  from  500  feet  of  6  inch  pipe;  this  must  appear  to  be  a 
superfluous  statement  of  fact,  but  the  engineer  must  firmly  and  con- 
vincingly stand  by  his  plans  if  he  would  preserve  their  practicability, 
otherwise  the  efficiency  of  the  plant  he  is  building-  will  be  seriously 
curtailed  and  in  many  instances  where  he  does  stand  by  his  plans  he  is 
accused  of  captiousness  and  having  "a  desire  to  run  things  his  own 
way,"  implying  that  his  motives  are  purely  personal  and  not  pro  bono 
publico.  Unfortunately,  the  engineer  is  a  man  who  gets  his  living  by 
spending  individual  or  public  moneys  and  he  must  spend  the  money 
intrusted  to  him  in  a  manner  that  is  satisfactory  to  those  who  furnish 
it,  if  he  does  not  do  so  he  loses  the  opportunity  to  earn  a  livelihood. 
Engineers  are  sometimes  charged  with  making  errors  of  judgment 
when  prosecuting  their  work,  which  upon  investigation  prove  to  be, 
not  errors  of  judgment  but  a  judgment  restricted  to  conform  to  the 
funds  provided  for  the  work  in  hand,  which  are  also  restricted. 

The  chief  of  the  Milwaukee  Fire  Department  comments  upon  the 
remarks  made  by  the  Chicago  Fire  Marshal,  as  follows: 

He  said:  ''The  high  pressure  service  is  used  in  a  great  many  towns 
and  small  cities,  and  as  a  rule  gives  satisfaction.  For  fire  protection 
in  the  suburbs  it  would  doubtless  prove  all  right,  and  it  was  this,  I 
think,  that  the  Chicago  Fire  Marshal  contemplated.  But  for  use  down 
town  among  the  five  or  six-story  buildings  I  think  the  system  would 
prove  a  failure.  At  a  big  Are  our  engines  have  to  carry  a  pressure  of 
from  200  to  300  pounds.  This  is  done  on  a  short  'lead'  of  hose.  But 
when  you  come  to  put  this  pressure  in  a  long  'lead'  of  iron  pipe  I  am 
afraid  the  scheme  would  be  impracticable.  While  high  pressure  ser- 
vice is  all  right  for  small  cities,  and  perhaps  for  suburbs  of  large  cities, 
it  will  have  to  be  greatly  perfected  to  make  it  available  for  general 
use.      Milwaukee  will  continue  to  use  fire  engines,  and  I  think  neither 
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the  Chicago  Fire  Marshal  nor  myself  will  live  to  see  them  discarded." 
The  real  obstacle  to  the  use  of  a  high  pressure  service  in  Milwaukee, 
as  well  as  in  all  our  larger  cities,  is  the  high  buildings  erected  nowa- 
days, "sky  scrapers"  as  they  are  called,  and  because  of  these  extremely 
tall  buildings  fire  engines  cannot  be  abolished  in  our  large  cities;  they 
are  essential  at  the  burning  of  tall  buildings  inasmuch  as  they  serve 
to  reenforce  the  pressure  as  the  water  passes  through  them  from  the 
hydrant. 

The  building  in  which  we  are  now  assembled  is  130  feet  high,  an 
effective  fire  stream  that  will  play  upon  this  roof,  the  engine  being  lo- 
cated at  the  nearest  hydrant,  would  be  substantially;  100  feet  of  hose, 
a  li  inch  smooth  nozzle,  and  would  require  the  following  stated  pres- 
sures: 125  pounds  pressure  at  the  engine,  which  would  be  90  pounds  at 
the  nozzle,  throwing  a  stream  148  feet  high,  or  18  feet  higher  than  the 
building;  the  discharge  would  be  294  gallons  of  water  per  minute. 
Such  a  pressure  is  an  extreme  one  and  would  undoubtedly  be  consider- 
ed as  beyond  the  safe  working  limits  of  any  system  of  water  works. 
Yet  the  water  system  of  all  cities  should  be  of  sufficient  power  and  ca- 
pacity to  afford  such  pressures,  for  reasons  which  I  will  state  further 
on. 

Cities  of  the  second  and  third  class  contracting  for  a  water  system 
either  by  franchise,  or  for  its  own  construction,  should  insist  upon  cer- 
tain conditions: 

Firat.  The  water  pipe  should  be  of  sufficient  diameter  and  the 
pumps  of  sufficient  power  to  give  adequate  hydrant  pressure  for  the 
extinguishment  of  fires,  without  the  aid  of  steam  fire  engines. 

Second.  The  maximum  hydrant  pressure  to  which  the  city  shall 
be  entitled  and  for  which  it  may  call  for  at  all  times  should  be  stated 
in  the  contract. 

T&ird.  The  maximum  daily  pressure  to  which  the  city  is  entitled 
should  be  stated  in  the  contract  as  well  as  the  minimum  daily  pres- 
sure. 

I  am  aware  that  some  franchise  companies  hold  these  conditions  to 
be  extreme  and  say  that  they  cannot  be  complied  with,  and  I  have  been 
roundly  rated  for  incorporating  such  conditions  in  city  franchises,  but 
I  answer  that  they  can  be  complied  with,  that  they  are  not  impracti- 
cable and  further  more  thejr  are  fully  complied  with  in  a  very  satisfac- 
tory manner  in  four  cities  in  Wisconsin.  I  am  also  aware  that  such 
conditions  cannot  be  complied  with  in  a  majority  of  the  cities  of  this 
State,  having  water  systems,  indeed  there  are  very  few  cities  in  the 
whole  West  that  can  and  the  reason  therefor  is  obvious. 

As  an  instance  of  efficient  pressure  under  these  conditions  in  a  small 
town,  I  will  cite  the  village  of  Burlington,  Wisconsin,  a  place  having 
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a  population  of  1,800;  the  water  system  of  Burlington  was  built  in  1890 
and  is  owned  by  the  village. 

The  static  pressure  from  the  stand  pipe  in  the  business  part  of  the 
village  is  80  pounds,  and  when  the  works  were  tested  for  acceptance 
there  was  not  a  hydrant  gauged  that  registered  less  than  70  pounds, 
available  pressure.  The  contract  for  the  pipe  laying  required  a  test  of 
100  pounds  pressure  (direct  from  the  pump)  at  any  hydrant  in  the  sys- 
tem, to  be  maintained  as  long  as  desired  by  the  authorities  of  the  vil- 
lage. At  a  hydrant  located  about  3,700  feet  distant  from  the  pump 
house  this  pressure  was  successfully  maintained  for  over  an  hour, 
which  was  as  long  as  was  desired.  The  main  pipe  of  the  system  is  8 
inches  in  diameter  and  is  about  our  thousand  feet  long,  the  pipes 
branching  from  it  are  6  inches  in  diameter.  The  village  does  not  own 
a  steam  fire  engine  and  there  is  no  intention  to  purchase  one.  Near 
this  village  of  Burlington  is  a  city  having  about  four  times  its  popula- 
tion, with  a  water  works  plant  built  by  a  franchise  company,  that  can- 
not maintain  a  pressure  of  50  pounds  at  the  hydrant  without  injury  to 
the  plant,  nor  can  it  do  so  in  any  event  if  one  or  more  hydrants  are 
open. 

Considering  pipe  pressures  in  a  larger  place  I  will  cite  Manitowoc, 
Wisconsin,  a  city  with  a  population  of  about  8,000.  It  has  15  miles 
of  pipe  and  150  hydrants;  its  largest  main  is  16  inches  diameter  and 
about  4,000  feet  long,  a  main  that  is  of  the  same  diameter  of  the 
largest  main  in  Chicago  at  the  time  of  the  great  Are  in  1871.  Manito- 
woc granted  a  franchise  to  a  company  that  built  the  works.  There  is 
no  pipe  in  the  system  less  that  6  inches  diameter,  excepting  hydrant 
connections  which  are  4  inches  diameter. 

It  is  one  of  the  conditions  of  the  franchise  as  granted,  that  the  works 
when  built  should  be  subjected  to  a  test  of  120  pounds  (direct  pump 
pressure)  at  any  hydrant  in  the  system,  the  hydrant  to  be  chosen  by 
the  city  council,  and  such  pressure  should  be  maintained  as  long  as  de- 
sired— furthermore  the  works  were  to  be  subjected  to  this  test,  annu- 
ally, during  the  existence  of  the  franchise.  This  last  mentioned  condi- 
tion is  unnecessary  and  conveys  no  advantage  to  the  city  nor  is  it  bene- 
ficial to  the  pipe  system.  After  the  franchise  was  awarded  I  returned 
home  on  the  same  train  with  the  half  dozen  or  more  bidders  who  had 
been  to  Manitowoc  to  secure  this  franchise.  Even  now  my  ears  tingle 
when  I  think  of  the  roasting  those  gentlemen  gave  me  that  day  on  the 
train,  because  of  that  unheard  of,  and  very  excessive  pressure  of  120 
pounds  at  the  hydrant.  I  did  not  think  the  pressure  then  required, 
unreasonably  excessive,  nor  do  I  think  so  now.  A  newly  laid  pipe 
system  should  always  be  tested,  before  acceptance,  with  pressures 
somewhat  greater  than  any  future  exigencies  may  require;  it  is  a  test 
of  the  strength  of  the  pipe  laid  and  of  the  excellence  of  the  calking. 
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The  pipe  is  supposed  to  be  tested  to  a  hydrostatic  pressure  of  300 
pounds  per  square  inch  at  the  foundry,  if  so  the  same  pipe  should  be 
able  to  withstand  a  pressure  that  is  less  than  one-half  of  this  number 
of  pounds,  after  it  is  laid  in  the  trench,  ready  for  the  use  for  which  it 
was  made.  If  there  are  cracked  or  weak  pipe,  or  imperfect  joints  in  a 
pipe  system  it  is  far  better  to  blow  them  out  under  heavy  pressure 
before  the  work  is  accepted,  than  to  see  them  blown  out,  after  accept- 
ance, when  a  conflagration  is  raging;  furthermore  when  the  contractor 
who  is  laying  the  pipe  knows  that  his  work  when  done  will  be  sub- 
jected to  a  heavy  pressure,  and  if  breakages  occur  that  are  caused  by 
imperfect  work,  which  he  must  repair  at  his  own  expense,  he  is  care- 
ful to  do  good  work.  I  find  that  a  clause  of  this  kind,  included  in  a 
contract  for  pipe  laying,  saves  the  expense  of  a  pipe  laying  inspector. 
The  recollection  of  the  roasting  received  on  the  train  has  not  cured  me 
of  stipulating  high  pressures  in  water  works  franchises,  for  I  have 
since  repeated  the  offence  several  times  for  the  other  cities.  The  prin- 
cipal reason  why  water  companies  object  to  such  pressures,  is:  that  to 
maintain  them  they  must  use  larger  pipe  than  they  otherwise  would, 
requiring  a  heavier  investment  than  they  wish  to  make.  A  majority 
of  the  pipe  laid  in  Wisconsin  cities,  by  franchise  companies,  is  4  inches 
in  diameter  and  seldom  exceeds  20  pounds  weight  per  lineal  foot,  with 
weight  of  bell  and  spigot  included,  and  as  a  rule  are  very  inferior  pipe. 

When  the  water  system  of  Manitowoc  was  completed,  came  the 
day  when  the  tests  were  to  be  made.  The  water  company's  superin- 
tendent, voluntarily  run  the  pressure  up  to  145  pounds  at  a  hydrant 
located  nearly  one  mile  from  the  pump  house  and  he  held  this  pressure 
for  some  time  to  the  entire  satisfaction  of  the  city  council  who  were 
present.  The  franchise  requires  the  daity  maximum  pressure  to  be  55 
pounds  and  greater  when  called  for  by  the  fire  department.  Its  maxi- 
mum pressure,  or  its  equivalent  is:  to  furnish  eight  streams,  each  with 
300  feet  of  hose  and  1£  inch  nozzle,  the  eight  streams  to  be  taken  from 
any  eight  hydrants  in  the  system.  These  streams  require  a  hydrant 
pressure  of  66  pounds:  throwing  a  vertical  jet  80  feet  high,  discharging 
155  gallons  per  stream,  per  minute,  which  amounts  to  1,250  gallons 
per  niioute  in  the  aggregate.  The  city  has  sold  one  fire  engine  and 
lias  another  for  sale:  these  engines  have  not  been  taken  to  a  fire  since 
the  works  were  built,  some  three  years  ago. 

The  usual  and  customary  franchise  adopted  by  a  large  majority  of 
the  cities  in  the  west,  contain  stipulations  for  certain  tests  of  the  sys- 
tem before  acceptance.  That  is:  the  works  must  successfully  with- 
stand certain  tests  before  the  period  of  hj'drant  rental  shall  begin.  A 
majority  of  the  tests  required  are  so  puerile  and  in-efficient  that  they 
should  not  be  dignified  with  the  name. 

Io  noting  from  a  franchise  ordinance  granted  by  a  city  located 
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within  fifty  miles  of  Milwaukee,  the  tests  stipulated  therein  are  as  fol- 
lows:     "The  cast  iron  pipe  laid  shall  be  of  ample  size  to  carry  out  the 
provisions  of  this  contract  and  afford  the  city,  where  laid,  first  class 
fire  protection. 
*  #  *  *  -x-  #  *  *  *  *  % 

Upon  the  completion  of  said  works  they  shall  be  tested  as  to  their 
power  and  capacity;  when  said  works  shall  throw  water  with  the  aid 
of  its  pumps,  from  any  six  hydrants,  located  in  the  business  or  manu- 
facturing part  of  said  city,  at  one  and  at  the  same  time — one  stream 
from  each  hydrant,  through  100  feet  of  2+  inch  hose  and  one  inch  ring 
nozzle,  to  a  height  of  100  feet  and  132  feet  horizontally,  in  still  air  for 
two  consecutive  hours;  or,  two  streams  from  any  two  hydrants  select- 
ed by  the  city  council,  through  800  feet  of  hose  and  one  inch  nozzle, 
above  the  height  of  any  building  in  the  city,  and  if  successful  the  city 
shall  accept  this  "pig  in  a  bag"  and  pay  the  hydrant  rental  etc.  The 
first  tests  calls  for  six  streams  thrown  to  a  certain  height  in  still  air; 
this  tests  assumes  that  conflagrations  occur  when  the  air  is  still;  the 
hydrant  pressure  required  is  44  pounds.  For  the  two  streams  through 
800  feet  of  hose,  65  pounds  pressure  at  the  hydrant  is  required.  These 
tests  were  successfully  made  and  the  works  accepted  by  the  city.  The 
city  can  never  ask  for  them  again.  The  franchise  calls  for  no  repetition 
of  these  tests  nor  is  there  any  pressure  guaranteed  to  the  city  at  any 
time,  present  or  future,  during  the  life  of  the  franchise,  which  runs 
for  25  years,  and  the  franchise  requires  no  test  of  future  pipe  ex- 
tensions and  guarantees  no  fire  protection  upon  such  extensions.  So 
far  as  the  efficiency  of  such  tests  are  concerned,  as  a  gauge  of  capacity 
and  power,  it  would  indeed  be  a  poorly  constructed  plant  that  could 
not  meet  them,  successfully:  yet  this  is  a  fair  specimen  of  the  fran- 
chise most  generally  adopted  by  cities  and  towns  in  the  West.  A  City 
Council  when  granting  a  franchise  of  this  kind  does  so  entirely  upon 
its  united  knowledge  of  water  works  construction  and  capacity,  which 
in  most  cases  is  none  at  all ;  here  again  the  conservative  element  crops 
out  and  objects  to  the  advice  of  competent  engineering  skill  because 
it  is  to  be  paid  for;  they  say  they  can  save  money  by  not  employing 
one,  perhaps  so;  and  make  the  bargain  without  him;  yet  at  the  same 
time  they  do  not  object  to  paying  for  che  services  of  a  lawyer  to  look 
after  the  law  points  involved  in  the  franchise;  and  often  the  law  is  in- 
voked later  on,  after  the  franchise  in  is  operation,  to  remedy  the  me- 
chanical defects  of  the  system  that  practically  existed  the  moment  the 
franchise  was  signed. 

The  franchise  granted  to  a  water  company,  by  the  City  of  Racine, 
Wisconsin,  in  1886,  contains  many  items  of  great  utility  to  the  city:  it 
is  a  franchise  in  which  the  interests  of  the  city  are  better  protected 
than  is  generally  the  case  in  transactions  of  this  kind.       There  are  35 
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miles  of  pipe  and  350  hydrants,  and  over  300  gates  of  all  sizes  in  the 
system;  in  the  business  portion  of  the  city  and  where  the  manufacto- 
ries are  located,  there  is  a  gate  placed  on  the  hydrant  connection,  be-? 
tween  the  hydrant  and  the  main,  so  that  the  hydrant  may  be  repaired, 
when  necessaiw,  without  interrupting  the  flow  of  water  in  the  main. 
The  mains  are  24  inch,  20  inch,  and  16  inches  diameter.  The  only  4 
inch  pipe  in  the  system  are  the  hydrant  connections.  All  hydrants 
have  double  nozzles. 

The  population  of  Racine  is  about  22,000,  its  area  is  7-t  miles,  and 
has  about  sixty-five  manufacturing  plants.     Regarding-  the   required 

pressures  from  this  sj^stem  I  will  quote  from  the  franchise. 

*  #  *  *  *  *  *  *  *  *** 

"The  said  works  shall  be  so  constructed  that  they  shall  be  able  to 
furnish  a  plentiful  supply  of  water  to  said  city  and  inhabitants  for  per- 
sonal, domestic  and  manufacturing  purposes,  for  the  extinguishment 
of  fires  and  conflagrations:  that  they  shall  be  able  at  all  times,  with- 
out notice,  to  supply  for  an  indefinite  period — 10  fire  streams  from  any 
ten  hydrants,  each  streams  using  400  feet  of  2i  rubber  hose,  with  one 
inch  ring  nozzle,  which  streams  shall  reach  a  vertical  height  of  70 
feet,  and  said  grantee  shall  maintain  at  all  times  a  pressure  of  water 
sufficient  to  give  such  streams."  These  10  streams  require  a  hydrant 
pressure  of  53  pounds,  which  is  the  available  static  pressure  derived 
from  the  stand  pipe,  and  is  the  daily  maximum  pressure  maintained 
b}r  the  works. 

The  second  test,  quoting  from  the  franchise,  is:  "And  said  works 
shall  be  so  constructed  as  also  to  be  able  (by  direct  pressure  from  the 
pumps,  the  stand  pipe  connection  closed)  to  throw  20  streams  from  any 
20  hydrants,  each  stream  using  400  feet  of  hose  and  a  one  inch  ring 
nozzle,  to  the  height  of  70  feet.r' 

These  20  streams  respective!}-,  require  a  hydrant  pressure  of  53 
pounds  the  same  pressure  required  for  the  first  or  previous  test;  the 
number  of  streams  are  increased  from  10  to  20,  and  water  is  supplied 
by  direct  pumping  pressure:  this  test  was  adopted  to  show  the  capacity 
of  the  works  to  supply  water  in  the  out  lying  districts  of  the  city, 
should  two  or  more  fires  occur  at  the  same  time;  each  one  of  these 
twenty  streams  discharges  113  gallons  of  water  per  minute;  or  2,260 
gallons  per  minute  in  the  aggregate. 

To  quote  further  from  the  franchise:  "Also  furnish  six  streams 
from  any  six  hydrants  in  the  system,  each  stream  using  400  feet  of  2| 
inch  rubber  hose,  and  a  li  inch  nozzle,  under  a  pressure  of  125  pounds 
at  the  hydrant  as  long  as  desired,  and  the  said  grantee,  shall,  upon 
an  alarm  of  fire  immediately  apply  said  pumps  and  shall  furnish  the 
maximum  pressure  above  mentioned  within  fifteen  minutes  after  said 
alarm,  if  called  for,  by  the  officer  in  command  of  the  fire  department. 
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The  city  majT  cause  said  works  to  be  tested  once  each  year  and  to  bear 
the  same  tests  herein  provided." 

The  works  were  completed  and  tested  for  acceptance  on  the  17th 
day  of  August  1887,  each  test  was  successfully  maintained.  At  a 
hydrant,  located  1^  miles  distant  from  the  pump  house,  in  an  air  line, 
(and  farther  than  a  mile  and  a  quarter  by  the  pipe  line)  the  pressure 
was  maintained  at  136  pounds  for  over  two  hours.  Each  year  follow- 
ing' the  acceptance  of  the  works,  the  city  has  exacted  the  last  test  of 
125  pounds  pressure  at  the  hydrant,  from  the  Water  Company  and  each 
time  the  test  has  been  successfully  maintained. 

The  exaction  of  this  test  of  125  pounds  pressure  at  the  hydrant, 
every  year  by  the  city,  is  in  my  opinion  not  only  unnecessary,  but  is 
too  severe  a  strain  upon  the  pipe  system.  That  a  newly  laid  pipe  sys- 
tem should  be  subjected  to  such  a  test  is,  as  previously  stated,  a  prop- 
er and  desirable  procedure.  The  franchise  says,  plainly:  that  this 
maximum  pressure  of  125  pounds  shall  be  furnished  whenever  called 
for  by  the  officer  in  command  of  the  fire  department;  with  this  privi- 
lege always  at  hand  and  two  other  prescribed  tests  available,  it  does 
not  seem  necessary  that  the  extreme  test  should  be  used  excepting  up- 
on an  emergency  during  a  great  fire. 

Last  April  a  fire  occurred  in  Racine  which  demonstrated  the  great 
efficiency  of  the  system  under  static  or  stand  pipe  pressure.  The  malt 
house  of  a  brewery  took  fire;  it  was  a  brick  structure  with  walls  about 
80  feet  high  and  without  windows,  excepting  a  few  small  ones  at  the 
top.  The  fire  attained  considerable  headway  before  the  alarm  was 
turned  in:  The  fire  department  turned  six  streams,  through  different 
lengths  of  hose,  upon  the  building  and  soon  had  the  fire  under  control, 
so  that  no  other  building's  contiguous  to  the  burning  malt  house  were 
injured.  The  water  supplied  for  these  six  streams  was  used  under 
stand  pipe  pressure  entirely;  no  call  was  made  by  the  fire  depai'tment 
for  direct  pump  pressure. 

Racine  had  four  steam  fire  engines  when  the  water  works  were 
completed.  Two  of  these  engines  have  since  been  sold  and  the  remain- 
ing two  are  for  sale,  to  use  a  naval  expression  concerning  them,  "they 
are  now  out  of  commission"  and  have  been  since  August  1887. 

A  city  contracting  for  a  water  system  should  insist  upon  conditions 
of  capacity  and  power;  without  these  essential  conditions  the  city  itself 
is  liable  to  great  and  destructive  fires;  a  system  having  small  pipes 
and  small  pumps  must  be  reinforced  with  steam  fire  engines  to  get 
efficient  fire  protection.  To  build  a  water  works  system  for  a  second 
©r  third  class  city  with  the  intention  of  maintaining  steam  fire  engines 
in  connection  with  the  water  system,  is  very  much  like  building  a 
large  steam-ship  and  then  building  a  tug--boat  to  tow  it. 

I  do  not  think  a  city  can  afford  to  lay  four  inch  water  pipe,  only 
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one  good  fire  stream  can  be  obtained  from  a  hydrant  located  upon  a  4 
inch  pipe  line,  and  not  them  unless  the  most  favorable  conditions  ex- 
ist. The  difference  in  cost  between  one  mile  of  four  inch  pipe  and  one 
mile  of  six  inch  pipe  is  about  $800,  and  a  city  can  well  afford  to  pay 
this  difference  of  cost  rather  than  la}7  four  inch  pipe  and  forever  main- 
tain two  or  more  steam  fire  engines.  It  is  commonly  said  "that  hy- 
drants are  cheaper  than  rubber  hose;"  while  the  expression  is  not  very 
explicit  the  principle  involved  is  a  correct  one.  In  the  season  of  1890, 
while  engaged  in  water  works  construction,  the  contractor  of  the 
work  was  laying  8  inch  cast  iron  pipe  at  a  total  cost  of  75  cents  per 
lineal  foot;  at  the  same  time  the  City  Council  purchased  a  thousand 
feet  or  more  of  rubber  hose  to  use  for  testing  the  water  system  upon 
its  completion,  paying  for  the  hose  94  cents  per  lineal  foot.  Never 
before  did  I  realize  that  an  8  inch  cast  iron  pipe,  laid  in  the  ground, 
was  cheaper  than  rubber  hose. 

In  conclusion  I  desire  to  say  regarding  pipe  pressures  in  towns 
and  cities,  that  I  do  not  think  it  safe  nor  practicable  to  main- 
tain high  pressures  for  fire  uses  in  our  largest  cities  and  supply  con- 
sumers from  the  same  pipe  system,  it  can  be  done  however  if  there  are 
enough  pumping  stations  and  they  are  located  at  proper  intervals 
throughout  the  system — but  the  pumps  must  be  supplied  with  water 
and  this  would  involve  the  laying  of  a  separate  system  of  supply 
mains,  which  brings  the  question  back  again  to  the  starting  point  and 
adopting  Mr.  Chesbrough's  idea  of  a  separate  system  of  large  pipe  and 
high  pressures  for  fire  purposes,  the  same  as  affirmed  by  the  Officer  of 
t he  Chicago  Fire  Department.  Cities  with  a  population  of  60,000,  or 
less  can  safely  use  one  system  that  will  answer  all  general  purposes, 
but  the  system  should  be  generously  planned  and  well  constructed. 
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PROCEEDINGS. 


BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


September  21  1892: — A  regular  meeting  was  held  at  Wesleyan  Hall, 
Bromfield  Street,  Boston,  at  8  o'clock  P.  M.  Vice-President  McClintock 
in  the  chair.    Forty-five  members  and  twenty-two  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Mr.  Joseph  N.  Drew  was  elected  a  member  of  the  Society. 

Vice-President  McClintock  announced  the  death  of  James  B. 
Francis,  a  past  president  of  the  Society,  which  occurred  September  18, 
1892.  Mr.  FitzGerald  spoke  briefly  of  the  life  and  work  of  Mr.  Francis 
and  of  the  interest  he  had  always  taken  in  the  Society.  He  moved  that  a 
committee  of  three  be  appointed  by  the  President  to  prepare  a  memoir  of 
Mr.  Francis,  and  it  was  unanimously  carried.  ThePiesident  has  appoint- 
ed as  the  committee;  Desmond  FitzGerald.  Joseph  P.  Davis  and  John  R. 
Freeman. 

Mr.  A.  W.  Locke  was  then  introduced  and  read  a  paper  entitled  "The 
Gradual  Abolition  of  Highway  Grade  Crossings." 

At  the  close  of  the  reading  of  his  paper  Mr.  Locke  had  thrown  upon  the 
screen  a  number  of  photographs  taken  during  a  recent  trip  abroad,  illus- 
trating the  methods  used  there  for  abolishing  and  guarding  grade  cross- 
ings. 

Mr.  J.  W.  Ellis  spoke  of  the  work  that  had  been  done  in  Providence 
R.  I.  in  the  way  of  abolishing  grade  crossings  and  what  it  Avas  proposed  to 
do  in  Pawtucket. 

Mr.  A.  F.  Noyes  gave  an  account  of  the  various  plans  which  had  been 
considered  for  abolishing  the  grade  crossings  in  Newton. 

Mr.  F.  H.  Snow  spoke  particularly  of  the  method  of  procedure  which 
had  been  adopted  by  the  City  of  Brockton  to  solve  the  grade  crossing 
problem  in  that  city. 

The  discussion  was  further  continued  by  Messrs.  Turner,  FitzGerald, 
Kimball,  Brooks  and  Smith. 

Adjourned.  S.  E.  Tinkham,  Secretary. 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


370th  Meeting,  October  19,  1892:— The  club  met  at  8  p.  m.  at  the  club 
rooms,  President  Johnson  in  the  chair  and  twenty-two  members  and  three 
visitors  present. 

The  minutes  of  the  369th  meeting  were  read  and  approved. 

Messrs.  S.  L.  Weil  and  E.  J.  Jolley   were  proposed  for  membership. 

The  by-laws  were  amended  by  inserting  in  Section  7,  in  the  sixth  line, 
on  page  15,  after  "election":  "except  as  provided  for  in  Section  8,"  and  by 
the  insertion  of  a  new  section  as  follows — 
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Section  S.  Exchange  of  Members— Any  member  of  any  other  so- 
ciety in  the  Association  of  Engineering  Societies,  in  good  standing,  mar 
become  a  member  of  this  club,  when  duly  elected  as  described  in  Section 
7.  without  paying  the  initiation  fee,  and  with  a  release  from  the  annual 
dues  for  such  period,  not  over  one  year,  as  he  may  show  by  certificate  he 
has  paid  in  advance  in  the  society  from  which  he  comes;  provided  such 
society  shall  have  conferred  like  privileges  on  members  of  this  club. 

— And  by  renumbering  the  following  sections  in  order. 

Mr.  W.  H.  Bryan  then  read  the  paper  of  the  evening  on  "Steam  En- 
gine Efficiency:  Its  Possibilities  and  Limitations.*'  Mr.  Bryan  called  at- 
tention to  the  popular  idea  of  steam  engine  efficiency,  alluding  briefly  to 
failures  which  had  occured  in  attempting  to  secure  expected  results  from 
high  efficiency  machinery.  He  dwelt  upon  the  ideal  engine  as  distin- 
guished from  the  real  engine  met  with  lin  every-day  service,  and  showed 
that  the  perfect  engine  itself  is  of  low  efficiency  on  account  of  the  narrow 
limits  of  temperature  within  which  it  is  possible  to  work.  But  30  per  cent. 
of  the  heat  units  in  the  steam  can  be  utilized,  even  by  the  perfect  engine, 
working  between  ordinary  temperatures:  under  which  conditions  but  2}± 
pounds  of  steam  per  indicated  horse  power  per  hour  would  be  required,  if 
all  the  heat  units  in  the  steam  could  be  transformed  into  work.  The  real 
engine  is  subject  to  still  greater  losses,  and  the  limits  of  its  efficiency  were 
pointed  out.  The  advantages  of  the  multiple  cylinder  engine  were  shown, 
and  a  table,  giving  the  results  of  a  large  number  of  tests  of  existing  en- 
gines was  presented,  Comparisons  were  made  of  the  amount  of  steam  re- 
quired in  pounds  per  I.  II.  P.  per  hour  for  the  actual  as  well  as  the  ideal 
engine.  From  these  results  percentages  of  efficiency  were  presented  in 
three  forms:  First,  the  efficiency  which  a  perfect  engine  would  have, 
working  between  the  same  limits  of  temperature,  compared  with  the 
total  number  of  heal  units  in  the  steam;  second,  the  efficiency  of  the  act- 
ual engine  on  the  same  basis;  third,  the  relative  efficiency  of  the  actual 
engine  on  the  basis  of  the  number  of  heat  units  which  it  is  possible  to 
utilize  within  the  given  limits  of  temperature.  Attention  was  called  to 
the  limits  of  pressure  and  the  number  of  expansions  desirable  in  single 
and  multiple  cylinder  engines,  as  established  by  the  best  modern  practice. 
The  relation  between  the  duty  of  pumping  engines  and  the  efficiency  of 
ordinary  engines  in  pounds  of  steam  per  I.  H.  P.  per  hour  was  also  point- 
ed out. 

Discussion  followed  by  Messrs.  Olshausen,  Seddon,  Laird,  Johnson. 
Perkins  and  Schlosser. 

For  the  next  meeting,  November  2d.  a  paper  on  "The  Recent  Survey 
of  St.  Louis:  Its  Methods  and  Results,"  by  Mr.  B.  H.  Colby,  was  an- 
nounced. 

Adjourned.  Arthur  Thacher.  Secy. 


CIVIL  ENGINEERS  SOCIETY  OF  ST.  PALL. 


November  9,  1892:— Regular  meeting  of  the  Society  was  held  at  8:45 
p.  m.,  nine  members  present  including  President  Woodman. 

Minutes  of  the  previous  meeting  were  read  and  approved. 

Committee  on  transportation  for  coming  excursion  to  West  Superior 
and  vicinity  reported  a  favorable  arrangement  and  various  details  of  the 
trip  were    discussed:   a  communication  from  the  invitation  committee  of 
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West  Superior  Engineers  with  an  outline,  of  their  proposed  entertainment 
of  the  Twin  City  Engineers  being  first  read.  Thursday  evening  Nov.  10 
was  the  date  fixed  for  departure:  a  portion  of  the  party  to  goby  way  of 
the  St  P.  &  D.  Rd.,  the  remainder  by  way  of  the  C.  St.  P.  M.  &  O.  Ry. 

Various  communications  not  requiring  immediate  attention  were  laid 
on  the  table  aud  an  early  adjournment  taken. 

C.  L.  Annan,  Secretary. 


WESTERN  SOCIETY  OF  ENGINEERS. 


295th.  Meeting,  October  5,  1892:— The  295th.  meeting  of  the  Socie- 
ty was  held  at  the  rooms  of  the  Central  Traffic  Association,  The  Rook- 
ery, Wednesdny  evening,  October  5th.  1892,  at  8  P.  M.  President  Ran- 
doplh  occupied  the  chair  and  some  40  members  were  present. 

The  reading  of  the  minutes  of  the  last  meeting  was  dispensed  with. 

The  Secretary  reported  for  the  Board  of  Directors  the  following  elect- 
ed to  membership: 

Noah  E.  Stucker,  Eric  Swenson,  Frederick  K.  Copeland,  Edgar 
French,  K.  E.  Hilgard,  E.  J.  Pearson. 

The  application  of  Mr.  William  Steyh  was  placed  on  file. 

The  Board  of  Directors  had  also  passed  unanimously  the  following 
resolution: 

Resolved,  That  the  Secretary  be  authorized  to  tender,  in  the  name  of 
the  Board  of  Directors,  to  Mr.  James  Dredge,  of  London,  and  his  friends, 
members  of  the  Society  of  Arts,  or  otherwise,  the  free  use  of  the  Society's 
rooms,  and  facilities  for  receiving  their  mail  during  the  year  1893. 

The  president  next  called  for  the  supplementary  Report  of  the  com- 
mittee on  "Badge,  Seal,"  etc.,  which  was  ordered  at  the  September  meet- 
ing. This  was  presented  by  Mr.  G.  A.  M.  Liljencrantz,  chairmai  of  the 
Committee.  The  report  was  received  by  the  Society  and  Committee  dis- 
charged. 

Mr.  Thos.  Appleton  next  presented  a  report  of  the  Joint  Committee  on 
amendments  to  Constitution  and  By-laws. 

A  spirited  discussion  arose  on  a  proposition  of  Mr.  Artingstall  to 
print  and  issue  the  matter  as  presented  and  await  the  next  meeting  of  the 
Society  before  submitting  it  to  the  preliminary  vote  of  the  members  pres- 
ent as  provided  by  Article  6,  of  the  Constitution. 

A  strongly  expressed  feeling  prevailed  that  too  much  time  is  wasted 
at  the  meetings  of  the  Society  on  such  matters,  and  the  fact  was  urged 
that  to  lay  the  question  over  for  another  meeting  would  carry  it  over  into 
1893,  and  thus  defeat  the  object  of  the  amendments  to  prevent  a  recur- 
rence of  the  difficulties  experienced  last  year  at  the  annual  election. 

A  motion  to  submit  the  amendments  to  letter  ballot  was  amended  so 
that  the  ballots  should  be  returned  with  the  amendments  voted  on  by  sec- 
tions and  was  finally  carried. 

Mr.  Thomas  Appleton  then  read  the  paper  of  the  evening  on  "Cedar 
Block  Pavements,"  which  was  accompanied  by  specimens  of  used  and 
unused  cedar  blocks. 

The  paper  was  freely  discussed,  and  with  the  discussion  will  be  print- 
ed in  an  early  issue  of  the  Journal  of  the  Association  of  Engineer- 
ing Societies. 

Adjourned  John  W.  Weston,  Secretary. 


Bdiicrs  reprinting articles  from  this  journal  are 
requested  to  credit  both  the  JOURNAL  and  the 
Society  before  which  such  articles  were  read. 
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REPORT   UPON   THE   FIFTH   INTERNATIONAL   CONGRESS    OF 
INTERIOR  NAVIGATION. 


By  Dr.  Cady  Staley,  Member  Civil  Engineers'  Club  of  Cleveland. 


[Presented  October  11,  1892.] 
Mr.  Chairman:  Of  course  you  do  not  expect  me  to  go  into  details 
concerning  the  themes  discussed  during-  the  International  Congress, 
but  rather  to  give  you  a  general  idea  of  what  took  place.  The  first 
thing  that  impressed  me  was  the  consideration  shown  such  conventions 
in  France  by  state  and  municipal  authorities,  and  the  favors  granted 
them  by  the  railroad  officials.  The  Congress  was  treated  with  the 
greatest  consideration  by  the  authorities  in  Paris,  and  in  the  other 
cities  where  the  members  went  on  excursions.  The  concessions  grant- 
ed to  the  members  by  the  railroads  were  worthy  of  note.  Notice  was 
sent  to  members  that  arrangements  had  been  made  to  lessen  the  cost 
of  transportation,  so,  when  I  entered  France  from  Spain  I  thought  I 
would  write  to  the  Secretary  of  the  Congress  and  see  if  I  could  secure 
any  reduction  in  the  fare  up  to  Paris.  When  I  reached  Avignon  I  re- 
ceived a  letter  containing  an  order,  on  the  presentation  of  which  I  was 
given  a  ticket  to  Paris  for  half  fare.  The  same  thing  was  done  when 
I  left  for  home.  Members  could  go  to  Paris  and  return  for  half  fare 
by  any  railroad  in  France  which  they  might  select,  and  they  could  go 
one  way  and  return  another.  In  short,  the  members  of  the  Interna- 
tional Congress  were  granted  more  favors  by  the  railroad  officials  in 
France  than  I  have  ever  known  to  be  granted  by  railroad  officials  in 
this  country  to  similar  organizations.  On  the  excursions,  not  only 
were  arrangements  made,    for  reduced  fares,  but  the  members  were 
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royally  entertained  in  the  cities  to   which  they  went  by  the  govern- 
ment officials  and  the  scientific  societies. 

Excursions  for  the  purpose  of  seeing  notable  works  relating  to  inte- 
rior navigation  were  a  prominent  feature  of  the  Congress.  Two  long 
excursions,  one  in  the  North  of  France  and  another  in  the  South,  were 
so  arranged  that  members  could  join  them  on  their  way  to  Pans,  and 
at  the  close  of  the  meeting  two  more  long  excursions  were  arranged 
so  that  members  could  take  them  on  their  way  home.  Excursions  to 
points  near  Paris  were  made  during  the  meeting.  The  session  of  the 
Congress  extended  from  the  21st.  to  the  31st.  of  July.  The  meetings 
were  held  in  the  Palais  de  1'  Industrie,  where  ample  accommodations 
were  provided  for  the  general  sessions,  the  meetings  of  the  sections, 
and  a  magnificent  collection  of  drawings  and  models.  There  were 
scores  of  models  of  locks,  reservoirs,  movable  dams,  lifts,  dredges, 
traction  machinery,  and  other  engineering-  works  connected  with  inte- 
rior navigation.  Some  of  these  models  were  of  notable  works  already 
constructed,  and  some  of  proposed  works.  Many  of  them  had  com- 
plete descriptions  accompanying  them.  Most  of  the  work  of  the  Con- 
gress was  carried  on  in  the  four  sections  into  which  it  was  divided. 
The  papers  presented  were  grouped  under  the  ten  following  heads: 

SUBJECT.  NUMBER  OF  PAPERS. 

1.  Canal  Banks 3 

2.  Water  supply  of  Canals 2 

3.  Traction  of  boats  in  Canals 2 

4.  Reservoirs 4 

5.  Stoppages  on  Canals 5 

6.  Traction  of  Boats  in  Rivers 6 

7.  Tolls  on  Inland  Transportation 6 

8.  Ports  for  Inland  Navigation 3 

9.  Respective  vises  of  Water  Ways  and  Railroads 8 

10.  Improvement  of  Rivers 9 

Most  of  the  papers  were  descriptions  of  work  which  had  been  done, 
and  an  account  of  the  results  which  had  been  accomplished.  They 
were  accompanied  by  the  necessary  illustrations  to  make  the  descrip- 
tions intelligible.  The  papers  were  printed  in  French,  German  and 
English,  and  were  given  to  the  members  when  the  Congress  first  met. 
The  papers  were  not  read  in  the  Congress,  but,  when  they  came  up  for 
discussion,  the  authors  were  called  upon,  and  permitted  to  explain  or 
enlarge  upon  anjr  points  in  the  paper.  These  remarks  were  given  in 
French,  German  or  English,  as  the  speaker  chose.  Mr.  George  H.  Ely 
of  Cleveland,  and  Mr.  E.  P.  North  of  New  York  presented  papers  and 
gave  their  remarks  in  English.  If  the  remarks  were  in  English  or 
German,  as  soon  as  the  speaker  concluded,  the  Secretary  would  rise 
and  give  the  substance  of  them  in  French.      If  they  were  in  French, 
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the  Secretary  would  give  thern  in  English  or  German,  if  any  one  re- 
quested him  to  do  so. 

Eleven  different  languages  were  spoken  by  the  members,  which 
shows  the  international  character  of  the  Congress.  Every  one,  how- 
ever, was  expected  to  address  the  Congress  in  either  French,  German 
or  English,  and  a  large  percentage  of  those  present  could  follow  a 
speaker  in  either  of  those  languages.  One  could  tell  this  by  the  inter- 
est evinced  when  telling  points  were  made. 

They  printed  a  daily  "Official  Bulletin,"  giving  a  resume  of  the 
work  of  the  congress  day  by  day.  I  leave  a  full  set  of  them  here  for 
the  library  of  the  Club. 

Mr.  Porter: — I  would  like  to  ask  if  Dr.  Staley  would  infer  from  the 
interest  taken  in  the  meeting  there,  that  the  revived  intei*est  in  canal 
and  slack  water  river  navigation  is  a  permanent  one,  such  as  would 
put  these  canals  in  shape  to  compete  in  future  with  railroads,  wheth- 
er there  was  any  prospect  at  all  for  being  so  successfvil  as  to  induce 
any  movement  in  this  country  towards  the  construction  of  more  ca- 
nals and  works  for  river  navigation. 

Dr.  Staley: — There  are  two  reasons  for  the  renewed  interest  in 
Interior  Navigation.,  One  is  the  cheapness  of  transportation  by  water, 
and  the  almost  unlimited  opportunity  to  expand  on  some  lines  of  com- 
munication, as  on  the  Great  Lakes;  the  other  is  the  advantage  of  water 
communication  on  certain  lines  in  case  of  war. 

I  say  renewed  interest,  because  before  the  modern  railroad  build- 
ing era,  transportation  by  water  was  relatively  of  much  greater  im- 
portance than  at  present. 

Since  railroads  have  been  so  wonderfully  developed,  and  their 
freight  rates  have  been  so  marvelously  cut  down,  the  necessity  for 
water  lines  have  in  many  cases  been  removed,  canals  have  in  many 
places  fallen  into  disuse,  and  communication  by  water  has  not  received 
the  attention  it  deserves. 

The  interest  in  Interior  Navigation  is  growing,  as  is  shown  by  this 
International  Congress,  and  in  this  movement  the  necessities  of  nation- 
al defense  play  no  small  part  in  all  countries.  The  enlargement  of 
the  Erie  canal  is  urged,  not  only  on  the  ground  of  providing  an  outlet 
for  traffic  from  the  great  lakes  to  the  sea,  but  in  order  that  gun-boats 
may  also  pass.  The  improvement  of  means  of  communication  for 
military  purposes  is  no  new  thing.  The  great  Roman  roads  were 
built  to  facilitate  the  movement  of  armies.  The  first  great  road  over 
the  Alps  was  builtkby  Napoleon  to  provide  for  the  rapid  transportation 
of  his  army  into  Italy.  "When  can  the  cannon  go  over,"  was  his  con- 
stant question  to  the  engineers.  And  this  renewed  interest  in  interior 
navigation  is  intensified  by  the  part  it  plays  in  the  schemes  for  nation- 
al defense. 
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On  many  lines  the  necessities  of  freight  traffic  alone  is  sufficient  to 
account  for  the  growing  interest  in  developing  the  means  of  commun- 
ication by  water,  especially  in  improving  natural  water  ways,  and  in 
building,  or  enlarging,  canals  connecting  bodies  of  water  of  consider- 
able size.  I  do  not  think  there  is  any  tendency  to  build  new  canals  on 
lines  of  limited  traffic,  but  rather  tq  improve  water  ways  on  lines  of 
heavy  traffic.  With  a  light  traffic  canals  cannot  compete  with  rail- 
roads. 


JOHN  WHITELAW:— A  MEMORIAL. 


By  Committee  of  the  Civil  Engineers'  Club  of  Cleveland. 


At  a  special  meeting  of  the  Civil  Engineers'  Club  of  Cleveland, 
called  on  June  18th,  1892,  to  take  appropriate  action  in  relation  to  the 
death  and  funeral  of  our  late  member,  John  Whitelaw,  the  undersigned 
committee  was  appointed  to  prepare  a  memorial  and  resolutions,  and 
submit  the  same  at  the  next  regular  meeting  to  the  Club  for  actio* 
thereon;  pursuant  thereto  your  committee  beg  leave  to  submit  the  fol- 
lowing: 

John  Whitelaw,  late  Superintendent  and  Engineer  of  the  City  Wa- 
terworks of  Cleveland,  Ohio,  was  born  in  Cleveland,  July  31st,  1831, 
and  died  June  16th,  1892. 

Death  has  claimed  a  member  of  our  Society,  who  ever  since  its 
organization  in  1880,  took  an  active  interest  in  its  proceedings  and  wel- 
fare. Mr.  Whitelaw  was  our  president  for  two  terms,  from  March  8th, 
1887  to  March  12th,  1889. 

The  deceased  was  a  gentleman  of  sterling  integrity,  esteemed  and 
loved  by  all  who  had  the  privilege  of  calling  him  a  friend.  His  kind 
and  suave  manner,  be  it  in  friendly  intercourse  or  in  earnest  business 
transaction,  will  ever  be  remembered  by  all  who  came  in  contact  with 
him. 

While  possessed  of  great  experience  and  a  thorough  knowledge  of 
his  profession,  he  was  ever  modest  and  unassuming  in  his  ways. 

Mr.  Whitelaw  attended  the  public  schools  of  Cleveland  and  studied 
later  Civil  Engineering  with  John  Shire,  a  noted  Engineer  and  Survey- 
or of  Canada.  In  1857  he  entered  the  office  of  the  City  Civil  Engineer 
as  assistant,  was  appointed  City  Civil  Engineer  in  1859,  and  again  in 
1860,  but  resigned  and  engaged  in  contract  work  with  James  Howells, 
of  Buffalo.  In  1861  and  1862,  he  was  again  in  the  employ  of  the  City, 
part  of  this  time  as  Engineer  and  part  as  Assistant.      Resigning  his 
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position,  he  went  to  Canada,  where  he  remained  at  the  former  home 
of  his  wife  till  1864. 

Returning-  to  Cleveland,  he  was  again  appointed  City  Civil  En- 
gineer, and  held  this  position  till  1867;  his  resignation  being  accepted, 
he  was  appointed  Superintendent  and  Engineer  of  the  Waterworks, 
which  office  he  held  continuously  until  the  time  of  his  death. 

During  the  25  years  Mr.  Whitelaw  was  connected  with  the  Cleve- 
land Waterworks,  the  growth  of  the  same  kept  steady  step  with  the 
growth  of  the  City.  From  a  comparatively  small  plant  supplying  the 
wants  of  but  80,000  inhabitants  and  few  factories  this  system  has 
steadily  increased  and  is  now  furnishing  over  300,000  people  and  all  the 
extensive  manufactories  of  our  growing  City  with  an  abundance  of 
water. 

During-  the  superintendence  of  Mr.  Whitelaw,  a  great  number  of 
improvements  were  introduced  in  the  plant  of  the  Waterworks.  Some 
of  the  most  important  are,  the  crib  located  one  and  one-quarter  miles 
from  shore  in  38  ft.  of  water,  connected  with  the  pumping  station  by 
two  brick  tunnels  under  the  bottom  of  the  Lake,  the  first  completed  in 
1874,  of  5  ft.  diameter,  the  second,  in  1890,  7  ft.  diameter. 

The  pumping  machinery  consisted  in  1867  of  only  one  double  Corn- 
ish Pump  of  a  daily  capacity  of  about  eight  million  gallons,  and  com- 
prises now  six  pumps  of  a  total  daily  capacity  of  70  million  gallons, 
while  the  original  Cornish  pumps  do  duty  at  the  high  service  station  at 
Fairmount  St.,  which  was  erected  during"  1884  and  1885. 

Two  reservoirs  were  built  in  connection  with  this  station,  one  situ- 
ated at  Fairmount  St.  of  about  80  million  gallons  capacity,  and  one 
at  Kinsman  St.  of  40  million  gallons  capacity;  the  first  170  ft.  aud  the 
second  about  325  ft.  above  the  level  of  Lake  Erie. 

All  these  improvements  will  remain  as  lasting  monuments  of  the 
ability  and  integrity  of  the  late  John  Whitelaw,  who  has  planned  and 
executed  them. 

Resolved,  That  the  foregoing  memorial  expresses  the  unanimous 
sentiment  of  the  members  of  the  Civil  Engineers'  Club  of  Cleveland. 

That  we  mourn  the  loss  of  our  fellow  member  in  his  best  years  of 
ripe  manhood. 

That  our  sympathy  is  with  the  bereaved  family. 

That  we  ever  shall  cherish  an  affectionate  recollection  of  the  high 
qualities  of  our  departed  member. 

That  the  memorial  and  resolutions  be  spread  upon  the  miuutes  of 
the  Club. 

That  the  same  be  published  in  the  Journal  of  our  Association  and 
a  copy  be  presented  to  the  family  of  the  departed  John  Whitelaw. 

Committee:  L.  Herman,  M.  W.  Kingsley,  M.  E.  Rawson, 
Chas.  H.  Strong. 
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HISTORICAL  SKETCH  OF  STORAGE  BATTERIES. 


By  C.  F.  Uberlacher,  Before  Civil  Engineers'  Club  of  Cleveland. 


[Read  October  11,  1892,] 

I  will  not  attempt  to  eater  into  any  scientific  description  of  the 
various  forms  of  storage  battery,  of  the  chemical  reactions  thereof, 
or  of  the  theoretical  determinations  of  the  energy  in  such  cases. 
Such  questions  are  properly  within  the  scope  of  a  paper  before  this 
Club,  but  as  I  have  had  no  occasion  or  opportunuy  since  my  college 
days  to  refresh  my  memory  on  this  subject,  I  must  beg"  your  indul- 
gence for  a  paper  treating  only  on  the  historical  and  practical  side  of 
the  question. 

In  order  to  be  able  to  form  an  idea  of  the  patents  and  points  at  issue, 
we  will  begin  with  an  explanation  of  a  simple  storage  batteiy.  I  can- 
not do  better  here  than  to  give  Jud^e  Coxe's  definition,  laid  down  by 
him  in  the  suit  of  the  Electrical  Accumulator  Co.  vs.  the  Julien  Co. 
•A  secondary  battery  is  one  which  gives  no  electricity  of  itself ,  but 
i-  active  only  when  rendered  so  by  a  current  from  an  independent 
source."  You  will  find  the  terms  storage  battery,  secondary  battery 
and  accumulator  used  indiscriminately.  There  is,  properly  speaking, 
a  distinction  between  them,  but  as  it  is  seldom  observed  and  will  take 
some  time  to  explain,  we  will  pass  it  over. 

The  simple  storage  battery  consists  of  two  plates  immersed  in 
a  Quid,  which  under  ordinary  conditions  does  not  attack  them, 
ami  electrically  insulated  from  each  other.  Let  us  take  the  most 
common  form  of  storage  battery  as  an  example.  The  two  plates 
are  lead,  (preferably  cast).  The  fluid,  technically  termed  the  elec- 
trolyte, i-  "  io  parts  water  to  one  of  sulphuric  acid.  The  jar  containing 
the  whole  is  glass.  Normally  the  sulphuric  acid  does  not  attack  the 
lead  plates,  but  let  a  current  of  electricity  from  an  external  source 
be  passed  through  the  battery,  entering  at  the  plate  marked  X  and 
leaving  at  the  plate  marked  — and  there  will  be  hydrogen  given  off  at 
the —  plate  and  oxygen  at  the  X  plate,  clue  to  decomposition  of  the 
electrolyte  by  the  current.  The  hydrogen  has  no  effect  on  the  lead  of 
the  —  plate,  but  the  oxygen  given  off  at  the  X  plate  attacks  the 
lead  and  forms  lead  oxide. 

If  now.  we  reverse  the  direction  of  the  charging  current,  letting  it 
enter  at  the  —  plate  and  leave  at  the  X  plate,  we  will  have  oxygen 
given  off  at  the  —  plate  and  hydrogen  at  the  X  plate.  At  the  —  plate 
the  oxygen  will  attack  the  lead  and  form  lead  oxide,  while  at  the  X 
plate  the  hydrogen  will  combine  with  the  oxygen  of  the  lead  oxide, 
previously  formed,  to  make  water,  and  will  leave  what  was  a  coating 
of  lead  oxide,  a  spongy,  porous  mass  vl'  lead. 
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If,  now,  after  this  second  charging,  (as  the  passing  of  the  current 
from  an  external  source  through  the  battery  is  called),  we  connect  the 
two  plates  together  with  a  conducting  wire,  they  will  cause  a  current 
to  flow  from  the  X  plate  to  the  —  plate,  or  in  a  direction  opposite  to 
that  of  the  last  charging  current.  During  the  continuance  of  this  dis- 
charge, as  it  is  termed,  oxygen  will  again  be  given 'off  at  the  X  plate, 
combining  with  the  spongy  lead  there  an  oxide  of  lead  termed  minium, 
and  hydrogen  will  be  given  off  at  the  -  -  plate,  reducing  the  oxide 
there  to  spongy  lead.  The  discharge  will  continue  until  the  coating 
on  the  plate  has  been  reduced  to  about  half  and  half  spongy  lead  and 
oxide  bj^  the  combination  of  the  hydrogen  given  off  by  the  electrolyte 
and  the  oxygen  from  the  oxide  of  lead,  and  the  coating  on  the  X  plate 
has  been  raised  to  the  same  condition,  i.  e.,  half  oxide.  When  this 
stage  is  reached  the  discharge  will  cease  and  the  battery  must  be  re- 
charged from  an  external  source  before  more  can  be  obtained. 

The  duration  and  quantity  of  the  discharge  will  be  proportional  to 
the  depth  and  size  of  the  spongy  lead  and  lead  oxide  coatings. 

The  above  is  the  first  commercial  form  of  storage  battery,  and  was 
invented  by  a  Frenchman,  Plante.  The  patents  of  Faure,  Brush,  Juli- 
en  and  most  of  the  others  are  simple  improvements  upon  this  type, 
using  practically  the  same  materials  and  differing-  in  the  mode  of  con- 
struction. 

There  are  several  other  types  of  storage  battery  but  none  of  them 
have  obtained  much  commercial  prominence.  The  best  known  of 
these  is  probably  Alkaline  storage  battery,  using  one  zinc  and  one 
porous  copper  plate  in  a  solution  of  caustic  potash.  There  are  sever- 
al patents  on  this  type,  principally  those  of  Reynier  in  France,  and 
Desmazure,  Entz  and  Phillips  in  this  country.  You  will  notice  that 
this  battery  falls  without  Judge  Coxe's  definition,  as  it  would  furnish 
current  before  being  charged  from  an  external  source.  The  charging 
simply  regenerates  it,  or  restores  zinc  to  the  zinc  plate  and  oxygen  to 
the  porous  copper.  It  is  a  storage  battery  but  not  a  secondary  bat- 
tery. 

Faure,  1878,  in  France,  conceived  the  idea  of  dispensing  with  the 
long  and  expensive  forming  process  of  Plante  by  applying  a  layer  of 
oxide  of  lead  to  the  lead  plates  instead  of  producing  it  upon  them  by 
electrolyte  action.  In  the  Summer  and  Fall  of  187S  he  made  a  few  ex- 
periments in  this  line,  and,  running  across  some  difficulties,  gave  it 
up.  In  Faure's  first  experiments  in  1878  he  held  his  layer  of  oxide  up- 
on sheet  lead  plate  by  wrapping  felt  around  both.  This  was  also  the 
idea  with  which  he  started  in,  early  in  1880,  but  he  soon  abandoned  it 
for  a  grid  somewhat  similar  to  those  now  in  use. 

In  1879,  Brush  patented  his  "gas  Battery  Arc  Lamp,"  using  a  form 
of  storage  battery  which  has  never  become  of  commercial  value,  and 
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then  hearing  of  Plante's  work  began  experiments  in  the  same  line. 
The  first  idea  was  to  improve  upon  Plante's  battery  and  he  began 
work  with  rolled  lead  plates.  He  soon,  however,  discovered  the 
cast  plates  were  preferable,  and  from  this  point  he  went  on  to  get  a 
soft,  spongy  lead  plate  formed  by  chemical  means.  His  first  idea  being 
to  force  a  cloride  of  lead  into  the  grid,  and  then  lay  one  of  these  plates 
in  dilute  sulphuric  acid  with  a  sheet  of  zinc  with  a  metallic  connec- 
tion between  them  to  allow  the  electrolyte  current  generated  to  re- 
duce the  chloride  uitil  it  left  only  a  spongy  mass  of  lead.  The  idea 
then  occurred  to  him  of  applying  the  active  material  direct  to  the 
plates  by  a  coating  of  minium  or  litharge  on  sheets  of  lead,  support- 
ing it  by  blotting  paper. 

His  next  arrangement  was  a  rolled  lead  plate  deepty  groved  by 
gang  saws,  and  in  these  groves  he  forced  the  oxide.  His  first  practi- 
cal battery,  one  which  he  used  for  lighting  his  house  early  in  the  80's, 
was  however  of  the  Plante  type,  the  plates  being  cast  in  moulds 
which  gave  them  the  same  form  as  the  sawed  plates  and  then  being 
formed  by  the  regular  Plante  method  of  charging  and  discharging. 

In  the  mean  time  Faure  in  France,  had  again  begun  experimenting 
in  1880,  and  had,  in  1881,  applied  for  a  patent  in  the  United  States 
with  which  Brush  came  into  interference.  Some  of  Brush's  patents 
were  granted  immediately,  but  the  principle  one  was  put  in  interfer- 
ence with  Faure  and  three  others.  This  interference  was  hotly  con- 
tested for  four  years,  but  Brush  was  finally,  in  1886,  granted  the 
broad  patent  substantially  according  to  his  original  claims  and  Faure's 
patent  made  subservient  to  his. 

The  principle  claims  in  Brush's  patent  were  the  combination  of  the 
active  material  and  a  supporting  grid,  and  the  mechanical  application 
of  the  active  material  to  the  plate  or  grid. 

Faure's  patent  was  made  to  cover  the  application  of  the  active 
matter  to  the  plate  in  the  form  of  a  paste,  paint,  or  cement  (a  very 
important  item,  by  the  way,  as  it  is  exceeding  difficult  to  make  a  suc- 
cessful plate  by  applying  this  active  matter  dry.) 

Juhen's  patents  began  in  1886.  They  are  for  an  alloj'  of  lead,  anti- 
mony and  mercury  for  the  grid,  also  the  form  of  the  grid  and  various 
parts  of  the  process  of  manufacture. 

In  addition  to  these  there  are  other  inventors  without  number,  who 
hold  patents  of  more  or  less  value.  Swan  and  Selon  of  England  had 
patents  on  the  form  of  the  grid,  which  have  figured  in  the  suits,  also 
on  the  alloy  of  lead  and  antimony.  Gibson,  of  New  York,  holds  valu- 
able patents  on  the  method  of  construction,  as  do  Knowles,  Pompelly 
and  a  score  of  others. 

So  much  for  the  patents,  now  for  the  companies  formed  to  manu- 
facture under  them.      The  Faure  and  Brush  interests  were  the  first  to 
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be  exploited.  In  1883  a  battery  of  Faure  cells  was  brought  to  this 
country  from  France,  and  almost  immediately  the  Electric  Storage 
Co.,  of  Baltimore,  was  formed  to  perfect  it,  and  rights  were  secured  by 
A.  G.  Davis,  and  by  him  transferred  to  the  Electric  Storage  Co.  The 
Electric  Stoi^age  Co.  did  their  experimenting  and  manufacturing  at 
the  works  of  the  Viaduct  Co.,  Baltimore,  where  they  had  quite  an 
extensive  manufacturing  plant.      E.  H.  Bauer  was  their  expert. 

About  this  time  the  Anglo-American  Electric  Light  Co.,  was 
formed  in  New  York,  also  manufacturing  under  the  Faure  patents. 
Soon  after  this  the  Electrical  Accumulator  Co.,  was  formed,  having 
its  headquarters  at  New  York  and  works  at  Newark.  This  company 
manufactured  under  the  same  patents  as  the  Electrical  P.  S.  Co.,  of 
England  (i.  e. ,  Faure,  Selon,  Swan,  Shaw,  Rogers,  etc.,)  and  was  virtu- 
ally an  offshoot  of  that  company.  All  the  Faure  interests  in  the 
United  States  were  soon  merged  into  the  Electrical  Accumulator  Co. 

In  the  mean  time  Brush  was  still  experimenting  and  the  Brush  Co. 
was  manufacturing  and  putting  batteries  on  the  market. 

In  1885  or-6  the  Julien  Storage  Battery  Co.,  of  New  York,  was 
organized  to  manufacture  under  Julien  patents  (this  Julien  Co.,  has 
since  deen  reorganized  under  the  title  of  the  Consolidated  Electric 
Storage  Co. ,)  and  it  is  between  these  three  companies  that  tha  most 
valuable  and  fundamental  patents  are  held,  and  most  of  the  litigation 
has  arisen. 

The  suits  instituted  have  been  very  numerous  and  bitterly  fought. 
The  first  important  one  was  a  suit  for  infringement  and  injunction 
instituted  by  the  Electrical  Accumulator  Co.  vs.  the  Julien  Co. 
They  sued  on  four  patents;  three  of  these  were  found  valueless,  and 
the  fourth,  that  of  Faure,  they  were  compelled  to  limit  to  claims  cov- 
ering- the  application  of  the  active  matter  in  the  form  of  a  paint, 
paste,  or  cement,  and  the  Julien  Co.,  was  enjoined  accordingly. 

At  the  same  time  the  Electrical  Accumulator  Co.,  instituted  a  suit 
against  the  Brush  Co.  in  Ohio,  but  abandoned  it  when  the  court  rec- 
ognized Brush's  claims  as  predominant  in  the  suit  of  the  Electrical 
Accumulator  Co.  vs.,  the  Julien  Co. 

Then  followed  the  Brush  Electric  Co.,  vs.  the  Julien  Electric  Co., 
for  infringement  of  Brush's  patents.  Some  of  Brush's  claims  had  to 
be  abandoned,  but  the  main  ones  were  upheld  by  the  court. 

The  last  suit,  on  which  decision  in  favor  of  Brush  was  rendered 
last  week  which  has  recently  been  argued  in  the  United  States  Circuit 
Court  of  Appeals,  was  the  Brush  Electric  Co.,  vs.  the  Electrical  Ac- 
cumulator Co.  This  suit  was  first  brought  in  April,  1887,  and  was  finally 
decided  in  favor  of  the  Brush  Co.  in  July,  1891.  The  Electrical  Accumu- 
lator Co. ,  being  bankrupt,  all  damages  were  waived  and  only  an  injunc- 
tion taken  out.      (Injunction  principally  restraining  the  Electrical  Ac- 
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cumulator  Co.,  from  the  mechanical  application  of  the  active  material 
to  the  plates.) 

The  types  of  storage  batteries  are  as  numerous  as  the  inventors. 
Reynier  classifies  them  under  four  heads,  viz.,  A,  those  having  two 
lead  plates  and  sulphuric  acid  diluted  as  an  electrolyte;  B,  those  hav- 
ing plates  of  lead  oxide  for  the  positive  and  copper  for  the  negative, 
and  sulphate  of  copper  for  the  electrolyte;  C,  those  having  lead  posi- 
tive and  zinc  negative  plates  and  sulphate  of  zinc  for  the  electrolyte; 
D,  those  having  porous  copper  for  the  positive,  iron  for  the  negative 
and  sodium  or  potassium  zincate  for  the  electrolyte. 

Of  these  the  first  type  is  by  far  the  most  numerous,  as  lead  seems 
to  be  the  metal  easiest  oxidized  and  handled,  and  is  practically  insolu- 
ble in  the  dilute  sulphuric  acid.  No  end  of  ingenuity  has  been  expend- 
ed in  the  formation  of  the  grids  or  plates  for  these  batteries.  As  before 
mentioned,  Planters  original  idea  was  a  small  rolled  lead  plate,  upon 
which  he  formed  oxide  by  continually  charging  and  discharging.  This 
operation  occupied  from  four  to  six  months  before  the  battery  was  in 
commercial  shape.       Faure's  original  plate  has  already  been  described. 

The  great  difficult y  found  by  the  inventors  of  this  lead  battery  has 
been  the  expansion  and  contraction  of  the  active  material  as  it  became 
oxidized  and  deoxidized.  Swan  and  Selon,  in  England,  were  probably 
the  earliest  inventors  attempting  to  correct  this  by  the  formation  of 
the  grid.  Their  principle  idea  was  to  divide  up  the  mass  of  active  ma- 
terial into  such  small  quantities  that  their  contraction  and  expansion 
would  not  loosen  them  from  their  hold  upon  tlie  supporting  plate. 

After  them  have  followed  a  whole  host  of  other  inventors  with  the 
same  idea  in  view.  I  will  give  sketches  of  a  few  of  these  ideas. 
Faure's  first  scheme  was  a  small  square  hole,  then  followed  Swan  and 
Selon  with  a  hole  smaller  in  the  center  than  at  the  two  surface  open- 
ings. Gibson,  of  New  York,  made  capsules  of  his  active  material  and 
inserted  these  in  holes  in  his  supporting  plate,  afterward  passing  the 
plates  through  a  pair  of  rollers  and  so  burring  the  ends  of  the  holes 
over  upon  the  active  material.  Another  scheme  was  to  put  the  active 
material  in  the  form  of  pencils  in  a  grooved  plate  and  then  bend  the 
edges  of  the  groove  down  upon  these  pencils  of  lead  oxide.  Still  an- 
other was  to  fill  a  perforated  lead  tube  with  active  material,  and  after- 
ward bend  this  into  the  form  of  a  plate.  Inventors  following  Plante, 
tried  also  schemes  of  every  description  to  make  a  plate  of  finely  di- 
vided lead.  One  idea  was  to  take  lead  wool,  or  spun  lead,  and  tie  it  in 
bunches  with  lead  wires.  Brush's  moulded  and  sawed  plates  come  al- 
so under  this  head.  A  Denver  inventor  made  a  combination  of  lead, 
zinc  and  silver,  from  which  he  cut  out  the  zinc  by  a  chemical  means. 
The  Woodward  people,  of  Detroit,  cast  lead  and  salt  together,  after- 
ward dissolving  out  the  salt,  and  so  getting  a  porous  plate. 
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Probably  the  neatest  scheme  for  this  was  a  modification  of  Brush's 
chloride  idea.  Under  this  method  the  cloride  was  fused  and  cast  into 
small  double  convex  discs;  these  were  then  cast  into  the  lead  plate  and 
reduced  by  the  same  method  as  employed  by  Brush. 

Eikemyer,  of  Yonkers,  placed  side  by  side  plates  of  insulating  mate- 
rial and  cast  lead  with  corresponding  holes  drilled  straight  through 
from  one  end  of  his  cell  to  the  other.  The  holes  in  the  lead  cast  plates 
were  recessed,   and  the  active  material  forced  into  these  recesses. 

The  Ford  &  Washburn  battery,  of  which  you  have  all  probably  re- 
cently heard,  belongs  under  this  head.  It  has  a  very  ingenious  device 
for  doing  away  with  the  trouble  caused  by  expansion  and  contraction, 
and  consequent  loosening  of  the  active  matter.  It  consists  of  a  thin 
porous  earthenware  cup  inside  of  which  is  placed  a  hollow  lead  plate, 
allowing-  a  space  between  the  plate  and  cup;  outside  also  is  placed  a 
perforated  lead  cup,  allowing"  some  space  between  it  and  the  earthen- 
ware cup.  The  space  thus  left  inside  and  outside  is  filled  with  the 
active  material  which  forms  the  two  plates  of  the  battery.  The  hol- 
low lead  plate  inside  is  supposed  to  allow  for  the  contraction  and  ex- 
pansion of  the  active  material.  It  can  readily  be  seen  that  short  cir- 
cuiting cannot  take  place  in  this  battery  unless  the  earthenware  cup 
should  break.  This  is  probably  the  latest  attempt  to  produce  a  bat- 
tery suitable  for  street  railway  work,  and  it  is  sincerely  to  be  hoped 
that  it  will  be  successful. 

Of  Reynier's  class  B  there  are  very  few  specimens,  and  none  of  them 
have  reached  commercial  account.  They  are  practically  primary  bat- 
teries which  are  regenerated  after  becoming  exhausted. 

The  same  can  be  said  of  class  C,  those  having  a  lead  positive  and  zinc 
negative  plate  with  sulphate  of  zinc  as  an  electrolyte.  The  principal 
trouble  with  this  battery  has  been  that  it  loses  its  charge  when  stand- 
ing on  open  circuit. 

Class  D,  has  been  exploited  by  several  Frenchmen,  principal  among 
whom  is  Desmazure.  His  battery  consisted  of  a  porous  copper  posi- 
tive plate  produced  by  moulding  granulated  copper  under  an  enormous 
hydraulic  pressure  and  covered  with  parchment,  and  tinned  iron*  wire 
gauze  negative.  The  electrolyte  was  potassium  zincate.  The  oxide 
of  copper  formed  would  dissolve  quite  readily  in  the  electrolyte,  but 
did  not  dyolize  to  any  appreciable  extent.  This  was  the  battery  used 
on  the  famous  torpedo  boat,  Gymnote,  in  the  harbor  at  Havre. 

Waddell,  Entz  and  Phillipps  have  introduced  a  very  similar  battery 
in  this  countiy  for  street  railway  work.  Its  advantage  is  that  it  is 
considerably  lighter  than  lead  batteries  liaving  the  same  storage  ca- 
pacity, but  it  is  liable  to  lose  its  charge  on  open  circuit  due  to  the 
formation  of  what  is  technically  known  as  "zinc  trees"  on  the  iron 
pla,te.       They   obtained  very  fair  results  from  this  battery  in  railway 
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work  for  a  time,  but  the  last  I  heard  of  their  car  it  was  side-tracked 
at  Chester,  Pa.,  and  no  work  was  being  done  upon  it.  We  certainly 
hope  that  this  does  nor  mean  a  total  failure  of  their  scheme. 

Having  given  a  partial  review  of  the  different  forms  of  batteries 
which  have  been  put  upon  the  market,  I  will  now  proceed  to  treat 
some  of  the  difficulties  which  lie  in  the  way.  I  have  already  mentioned 
the  expansion  and  contraction  of  the  active  matter  in  the  lead  batteries, 
and  the  consequent  loosening  from  the  grids  or  plates.  Plante  ran  up 
against  this  trouble  very  early  and  attempted  to  get  around  it  bjT  mak- 
ing his  plates  smaller,  but  even  with  small  plates  he  frequently  found 
that  when  the  porous  lead  or  oxide  coating  reached  anv-  depth  at  all  it 
would  crack  and  fall  away  from  the  solid  lead  entirely. 

In  my  personal  experience,  however,  the  battery  which  gave  the 
best  satisfaction,  was  the  old  Plante  type  with  plates  about  12"X14". 
This  run  along  for  six  or  eight  years  with  no  more  attention  than  an 
occasional  refilling-. 

Swan  and  Selon's  idea  of  dividing  up  the  active  material  on  the 
plate  has  also  been  mentioned.  With  all  the  ingenuity  that  has  been 
expended  upon  the  supporting- grid,  it  has  been  found  that  the  active 
material  forces  itself  out,  the  force  in  some  cases  seeming  to  be  al- 
most of  an  explosive  nature  aud  producing  radial  cracks  on  the  active 
material.  The  plates  of  the  battery  are  all  placed  close  together  in 
order  to  reduce,  as  far  as  possible,  the  ohmic  resistance,  so  that  this 
disintegration,  or  loosening  of  the  flakes  makes  a  contact  from  one 
plate  to  the  next,  so  short  circuiting  two  of  the  series,  and  occasioning 
very  rapid  deterioration  of  the  whole  cell.  The  ohmic  resistance  of 
the  electrolyte  is  another  source  of  loss,  and  this  is  probably  the  only 
one  which  can  never  be  obviated.  It  is,  however,  of  very  small  ac- 
count, as  it  in  no  way  injures  the  life  of  the  battery.  Another  trouble 
caused  by  the  expansion  and  contraction  of  the  active  material  is  the 
so  called  buckling  of  the  plates.  Expansion  taking  place  unequally 
on  the  two  sides  causes  the  lead  grid  to  bow  out  and  so  come  in  con- 
tact with  the  next  one  in  the  cell.  What  is  technically  termed  sul- 
phate (?)  is  usually  the  occasion  of  tins.  This  sulpha  ting  is  the  form- 
ing in  a  battery  when  left  uncharged,  or  even  if  left  standing  in  any 
condition  without  use  for  any  length  of  time,  of  a  white  sulphate  of 
lead,  which  is  practically  insoluble  in  the  dilute  sulphuric  acid,  and  it 
is  at  the  same  time  a  very  good  insulator,  so  that  portions  of  the  ac- 
tive matter  becoming  covered  with  it  become  inactive. 

This  on  charging  and  discharging  increases  the  ohmic  resistance  of 
the  battery  and  at  the  same  time  decreases  its  capacit}-  in  proportion, 
also  occasioning  the  injurious  buckling. 

Lead  is  at  the  present  time  the  only  material  which  expenmentors 
have  been  able  to  oxidize  and  deoxidize  successfully.       It  can  readily 


HISTORICAL  SKETCH  OF  STORAGE  LATTERIES.  547 

be  seen  that  this  necessitates  a  heavy  weight  for  the  battery,  as 
lead  is  one  of  the  most  easily  oxidized  of  all  the  metals,  and  so  re- 
quires a  large  weight  of  material  to  store  a  given  amount  of  energy. 
Lead  grids  have  also  been  used  almost  exclusively  for  the  support  of 
this  active  material.  This  again  brings  in  the  element  of  weight  as 
does  also  the  use  of  fluid  electrolyte. 

Storage  batteries  are  also  liable  to  the  trouble  of  local  action,  the 
same  as  are  primary  batteries.  Local  action  takes  place  between  two 
portions  of  the  same  plate  whose  chemical  conditions  are  different, 
and  produces  the  same  effect  on  the  rest  of  the  pla,te  as  though  the 
battery  were  partially  short  circuited. 

To  all  of  these  troubles  must  be  added  another,  and  probably  the 
most  serious  one,  that  of  incomplete  chemical  change  on  charge  and 
discharge;  this  is  probably  the  root  of  most  of  the  others.  It  is  well 
known  to  all  of  you  probably  that  che  meal  action  is  liable  to  differ 
considerably  under  slightly  varying  conditions  of  temperature  and  sur- 
roundings, so  that  chemical  actions  are  liable  to  be  different  in  two 
parts  of  the  same  plate.  The  appearance  of  white  sulphate  is  probably 
due  to  this  cause.  It  forms  not  only  when  the  battery  is  standing  idle, 
as  above  mentioned,  but  also  when  the  cells  are  subjected  to  a  rapid 
charge  or  discharge. 

Another  difficulty  with  the  storage  battery  is  in  the  bubbling  and 
evaporation  of  the  electrolyte.  The  spray  thrown  off  in  rapid  charg- 
ing and  discharging  is  liable  to  form  a  conducting  film  over  the  jars 
and  supports  of  the  battery,  so  short  circuiting  it,  in  addition  to 
necessitating  frequent  replenishing  of  the  fluid.  The  fact  that  most 
batteries  are  supplied  with  a  fluid  electrolyte  also  makes  them  incon- 
venient to  transport  gelatine,  grease,  straw,  etc.  All  of  these  troubles 
together  seriously  reduce  the  efficiency  of  the  storage  battery.  Work- 
ing at  its  most  efficient  point,  viz.,  that  of  slow  charge  and  correspond- 
ingly slow  discharge,  the  storage  battery  seldom  reaches  an  efficiency 
of  80%;  on  the  discharge  being  rapid  the  efficiency  is  apt  to  drop  below 
50%,  and  as  these  are  the  conditions  met  with  in  most  of  the  services 
which  the  accumulator  is  called  upon  to  perform,  we  cannot  safely 
consider  its  average  efficiency  as  higher  than  65  or  70%. 

The  idea,  however  of  the  storage  battery  is  an  inviting  one.  From 
the  time  of  its  first  invention  and  even  the  time  of  its  first  'dis- 
covery it  has  not  lacked  either  inventors  to  experiment  with  it 
or  capitalists  to  furnish  the  funds  for  manufacture.  It  is  used 
far  more  abroad  than  in  this  country.  The  house  to  house  sys- 
tem in  England  is  probably  the  only  strictly  storage  battery  sys- 
tem at  present  in  existence.  Their  plan  is  to  place  in  each  house, 
or  in  each  center,  a  battery  whioh  is  charged  during  all  of  the  24  hours 
and  discharged  according  to  the  commercial  demand  for  light  or  pow- 
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er  in  that  district.  A  very  similar  scheme  was  exploited  by  the  Brush 
Co.,  some  four  or  five  years  ago.  Mr.  Roberts,  the  Chairman  of  your 
Electrical  Section,  is  probably  much  better  able  to  give  you  a  few  in- 
teresting details  of  this  system  than  I  am,  as  he  had  charge  of  the 
Brush  Co's  largest  plants,  of  this  nature  viz.,  that  at  Cheyenne. 

The  accumulator  can  be  used  to  great  advantage  in  central  stations 
as  an  adjunct  to  the  dynamo  plant.  It  is  placed  in  shunt,  across 
the  main  leads  from  the  dynamo.  When  the  load  is  small  the 
potential  at  the  terminals  of  the  dymano  is  high,  thus  causing 
the  current  to  pass  through  the  storage  batteries;  when  the  load 
increases  beyond  the  capacity  of  the  machines  the  potential  at  the 
terminals  of  the  dynamo  falls  and  the  storage  battery  supplies  cur- 
rent on  the  lines,  thus  helping  out  the  machines;  or,  the  dynamo  plant 
may  shut  down  entirely  when  the  load  is  light  or  in  case  of  accidents, 
leaving-  the  storage  batteries  to  supply  the  whole  demand.  This  evens 
up  the  load  on  the  machines  very  much  and  considerably  increases  the 
efficiency  of  the  plant  aside  from  requiring  a  very  much  smaller  orig- 
inal outlay  in  machines  and  engines.  This  same  idea  has  been  intro- 
duced to  some  extent  in  railway  stations  abroad.  It  assists  greatly  in 
checking  rapid  variations  in  load  experienced  in  that  work,  and  renders 
the  use  of  compound  engines  advantageous  where  it  would  be  impos- 
sible to  employ  them  other  wise. 

A  great  advantage  of  the  storage  battery  is  that  it  can  be  charged 
any  time  when  power  is  handy,  and  from  then  on  for  the  next  two 
weeks  is  in  shape  to  restore  a  large  percent  of  the  power  put  into  it. 
It  comes  in  very  handy,  indeed,  in  stations  where  the  source  of  pow- 
er is  intermittent  and  where  lights  or  motors  are  wanted  at  times,  and 
where  energy  from  the  main  source  is  not  obtainable.  In  street  rail- 
ways it  of  course  gives  the  advantage  of  independent  units;  a  break- 
down of  one  car  can  never  disable  the  entire  line.  This  advantage 
was  realized  almost  as  soon  as  the  storage  battery  came  into  promi- 
nence abroad,  and  as  early  as  in  1880  experiments  were  made  in  London 
and  Paris  for  the  propulsion  of  vehicles.  In  1883  a  car  on  Kew  bridge 
was  operated  with  accumulators  and  run  for  some  time  very  success- 
fully, but  the  wasting  away  of  the  positive  plates  soon  ate  into  too 
much  money  and  the  scheme  was  abandoned.  The  Julien  cars  on  4th 
avenue,  New  York,  also  ran  very  successful^  for  over  a  year.  Their 
opei*ation  was,  however,  hindered  by  the  out-come  of  certain  suits. 
In  addition  to  this  difficulty  was  found  here,  also,  with  the  positive 
plates. 

New  Orleans,  until  recently,  had  quite  an  extensive  storage  bat- 
tery system,  but  it  has  been  at  last  abandoned.  The  only  two  roads  in 
regular  operation  are  those  at  Milford,  Mass.  and  Washington,  D.  C. 
Until  recently  one  was  in  operation  at  Dubuque,  Iowa,  but  it  has  been 
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thrown  out  for  the  trolley  system,  as  the  batteries  were  not  found  at 
all  satisfactory.  In  Washington,  where  the  trolleys  are  forbidden  by 
strict  law,  the  Edso  Co.  is  now  trying-  to  operate  a  storage  battery 
system  under  certain  contract  guarantees  as  to  cost.  Their  contract 
called  for  the  road  to  be  turned  over  at  the  end  of  the  first  year,  and 
the  apparatus  to  be  refused  or  accepted,  according  to  the  results,  at 
the  end  of  that  time.  Their  first  year  of  operation  recently  ended, 
and  I  notice  that  their  time  of  grace  has  been  extended  another  year. 

The  ordinary  scheme  in  street  railway  work  is  to  place  the  storage 
batteries  under  the  seats  of  the  cars,  the  cars  in  some  instances  being- 
widened  out  to  admit  them.  Various  devices  are  in  use  at  the  charg- 
ing stations  for  the  easy  removal  and  replacing  of  these  batteries. 
Some  companies  prefer  to  remove  them  from  the  sides  and  others  from 
the  ends.  Probably  the  best  scheme  for  this  purpose  is  an  elevator 
arrangement,  tip  to  which  the  car  is  run  and  the  batteries  slid  out  on 
rollers  onto  shelves,  where  they  automatically  connect  themselves  for 
recharging. 

The  storage  battery  presents  very  pretty  possibilities  for  regulat- 
ing the  speed  of  cars  without  loss  of  energy,  by  altering  the  con- 
nections of  the  cells  so  as  to  vary  the  potential  at  the  terminals  of  the 
motor  without  the  use  of  a  rheostat.  The  most  serious  difficulties 
encountered  are  those  of  the  jarring  out  of  the  active  material,  the 
rapid  deterioration  of  the  positive  plates  when  subjected  to  a  heavy 
discharge  frequently  met  with  in  railway  service,  and  the  additional 
weight  which  has  to  be  carried  by  the  car  up  and  down  grade.  The 
rapid  discharge  decreases  the  capacity  of  the  cell  very  materially,  so 
that  a  car  that  would,  under  ordinary  conditions,  run  50  or  60  miles 
with  one  charging,  if  called  upon  to  perform  extra  work  in  the  course 
of  its  trip  is  liable  to  become  exhausted  at  the  end  of  30  or  40  miles, 
and  will  then  have  to  be  pushed  in  by  the  next  car  coming-  along.  For 
this  reason  the  disabling  of  cars  has  occurred  quite  as  frequently  on 
storage  battery  roads  as  on  the  trolley  system. 

The  weight  of  the  ordinary  storage  battery  is  from  100  to  125  lbs. 
per  horse  power  hour  carried.  At  the  speed  generally  run  one  horse 
power  hour  is  sufficient  to  carry  a  loaded  car  over  one  mile  of  track, 
of  course  not  taking  into  account  the  grades.  One  can  easily  figure 
from  this  the  amount  of  extra  weight  introduced  by  the  use  of  the 
storage  battery.  Say  that  a  car  is  designed  to  run  sixty  miles  on  a 
single  charging-  it  would  neccessitate  about  three  tons  extra  weig'ht. 
As  a  matter  of  fact  it  has  been  found  possible  by  lightening  the  cells 
and  cutting  down  the  quantity  of  electrolyte,  to  get  the  batteries  as 
light  as  50  or  75  lbs.  per  horse  power  hour,  but  these  light  batteries 
have  been  found  to  deteriorate  so  rapidly,  that  their  use  has  been  dis- 
continued. 
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The  Wadell-Entz  iron  and  copper  battery  mentioned  above  is  also 
considerably  lighter  than  the  standard  lead  cells;  it  weighs  probably 
about  60  lbs.  to  the  horse  power  hour  and  its  life  is  not  injured  by  this 
decrease  in  weight.  I  find  even  with  these  lighter  batteries,  however, 
that  the  increase  of  power  required  to  climb  grades  practically  rules 
out  the  storage  battery  car  in  hilly  country.  A  short  calculation  will 
show  that  the  extra  weight  carried  on  the  storage  car  would  increase 
the  HP  required  to  run  it  up  a  grade  at  about  8  miles  per  hour,  at  the 
rate  of  about  one  HP  per  cent  of  grade.  This  of  course  would,  on  6  or 
7%  grades  be  a  very  serious  disadvantage. 

On  the  other  hand  we  have  the  advantage  of  having  no  overhead 
construction  to  build  or  maintain  to  shock  the  esthetic  tastes  of  citizens, 
and  the  station  is  always  run  at  an  approximately  constant  load,  thus 
obviating  the  tremendous  strains  upon  the  engines  and  dynamos,  as 
well  as  increasing  the  efficiency  of  both  dynamos  and  prime  movers. 

In  Brussells  the  storage  battery  was  abandoned  about  two  years 
since  and  the  road  returned  to  the  use  of  horses.  They  found  that  the 
cost  of  the  battery  renewal  amounted  to  about  2.75  cts.  per  car  mile; 
at  Dubuque  it  was  claimed  that  the  cost  amounted  to  as  high  as  7.22 
cts.  per  car  mile,  but  this  was  probably  excessive.  The  life  of  the 
positive  plates  is  generally  from  200  to  300  days  in  railway  service, 
but  the  negative  plates  are  comparatively  indestructible.  We  have 
yet  to  find  a  storage  battery  that  can  even  approach  the  condition  of 
being  commercially  satisfactory.  In  situations  where  the  loss  occa- 
sioned by  charging  and  discharging  is  not  commensurate  with  the  ad- 
vantage of  having  a  source  of  power  always  ready,  the  better  forms  of 
storage  battery,  with  careful  attention,  give  good  satisfaction.  The 
accumulator  of  to-day,  however,  will  not  take  care  of  itself,  and  will 
not  operate  successfully  except  when  in  the  hands  of  some  one  thor- 
oughly accustomed  to  its  peculiarities. 


DISCUSSION. 


Mr.  Roberts: — As  a  prelude  to  what  I  have  to  say  in  the  way  of 
discussion  I  would  like  to  state  that  I  am  chairman  of  the  electrical 
committee.  I  gave  every  engineer  an  opportunity  to  prepare  a  paper 
for  to-night  and  they  all  stated  that  they  were  extremely  busy. 
Finally  I  got  Mr.  Uberlacher  who  is  not  a  member  of  the  Club,  to  pre- 
pare a  paper  and  as  usual  the  man  who  prepared  the  paper  is  one  of  the 
busiest  men  around.  Mr.  Uberlacher  dictated  it  last  night  and  received 
his  copy  this  evening  just  before  coming  down.  For  that  reason  I 
think  we  should  the  more  appreciate  his  kindness.  I  am  also  glad  to 
state  that  he  has  signified  his  intention  of  allowing  me  to  make  an  ap- 
plication for  membership  in  his  behalf. 
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To  come  to  the  paper  itself,  he  has  told  us  about  a  great  many 
phases  of  the  storage  battery,  and  more  especially  with  reference  to 
street  car  work,  and  in  a  mild  way  has  signified  a  desire  to  have  me 
say  something  on  the  application  of  the  storage  battery  to  lighting. 
In  the  first  place  with  reference  to  that,  I  want  to  point  out  one  or  two 
of  the  difficulties.  The  first  great  trouble  in  the  storage  battery 
is  that  the  electro  motive  force  at  charging  is  about  2J  volts  per  cell, 
whilst  in  discharging  it  comes  down  to  2  volts  and  shortly  to  one  and 
nine-tenths.  In  incandescent  lighting  it  is  necessary  to  have  constant 
electro  motive  force.  Unfortunately  the  battery  drops  in  voltage. 
Also  there  seems  to  be  line  loss  of  generally  not  less  than  three  per 
cent,  at  full  load,  and  therefore  when  at  light  load,  the  line  loss  being 
practically  nothing,  the  lamps  are  strained  to  that  extent,  and  more- 
over this  is  aggravated  by  the  fact  that  the  time  of  light  load  com- 
mencement is  when  the  electro  motive  force  is  2  volts  per  cell  giving  5 
per  cent,  more  voltage  than  they  give  when  the  battery  has  reached  its 
normal  condition.  Another  difficulty  arises  from  the  fact  before  men- 
tioned that  2i  volts  per  cell  is  necessary  when  charging,  therefore  if  it 
be  desired  to  turn  on  lamps  whilst  the  battery  is  being  charged,  it  is 
necessary  either  to  insert  resistance  in  the  lamp  circuit  or  to  use  fewer 
cells  for  the  same.  This  can  be  accomplished  automatically  but  it  is 
extremely  difficult  to  construct  batteries  which  can  always  be  relied 
upon  for  this  purpose  and  which  shall  not  need  more  or  less  constant 
attendance  in  the  way  of  inspection,  adjustment,  etc.  Probably  the 
best  arrangement  is  to  have  merely  an  automatic  device  which  will 
cut  out  the  lighting  circuit  whilst  the  battery  is  being  charged. 

I  might  say  there  are  three  general  plans  for  using  the  storage  bat- 
tery for  lighting  purposes.  The  first  is  locatingthe  battery  at  the  power 
house.  The  second  is  locating  them  in  sub-stations  which  are  the  cen- 
ter of  distribution  for  a  small  district.  The  third  is  locating  them  in 
each  building  where  light  is  desired.  The  first  plan  has  the  following- 
advantage,  the  electro  motive  force  on  the  line  can  be  controlled  the 
same  as  it  would  be  if  dynamos  were  operating.  The  batteries  are  un- 
der constant  inspection  and  it  is  somewhat  easier  to  keep  constant 
load  on  the  engines  than  when  using1  the  second  or  third  plan.  The 
second  plan  has  some  of  the  advantages  of  the  first  and  some  of  the 
disadvantages  of  the  third.  It  is,  as  it  were,  a  half-way  point  between 
the  two  extremes.  The  third  has  the  disadvantage  that  is  necessary 
to  install  a  large  number  of  cells  in  each  house  in  order  to  supply  the 
maximum  output  ever  required  which  would  probably  be  ten  times  or 
more  the  average  output.  The  first  plan  is  therefore  most  desirable 
when  the  lamps  are  not  situated  too  far  from  the  station,  the  line  loss 
in  such  case  being  a  large  factor.  The  second  plan  can  be  resorted  to 
when  the  lamps  are  at  a  great  distance,  therefore  current  can  be  sent 
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over  the  line  at  a  higher  electro  motive  force  than  would  be  used  for 
the  lamps  if  the  batteries  were  charged  in  series.  The  third  plan  is 
seldom  if  ever  advisable. 

One  great  advantage  obtained  by  using  the  storage  battery  is 
that  engines  can  be  kept  on  their  most  economical  load  all  the 
time  whilst  operating  and  this  is  especially  advantageous  while  using 
compound  engines.  In  large  stations  in  using  batteries  there  are  gen- 
erally so  many  engines  that  the  same  result  can  be  accomplished,  but 
in  a  smaller  station  having  two  or  possibly  three  engines,  it  is  probable 
that  for  a  considerable  portion  of  time  one  or  two  engines  will  be  opera- 
ting under  a  very  light  load  and  consequent  inefficiency. 

The  batteries  can  be  charged  either  from  a  constant  potential  and 
varying  current  system,  or  from  a  constant  current  and  varying  poten- 
tial. The  first  is  used  when  the  batteries  are  grouped  together  in  the 
station  or  if  they  are  located  at  not  too  great  distances  from  the  sta- 
tion and  it  be  desired  that  the  same  dynamos  should  furnish  current 
direct  to  the  lamps  when  the  batteries  are  not  in  use  or  it  may  be 
worked  in  conjunction  with  the  batteries  at  the  times  of  heaviest  load. 
If  however,  the  lamps  are  at  a  great  distance  from  the  station  the  sec- 
ond system  can  be  used  and  arc  light  dynamos  be  used  for  charging 
and  the  line  loss  will  be  very  small.  This  was  the  system  exploited  by 
the  Brush  Company  and  as  far  as  reducing  the  line  loss  is  concerned  is 
equivalent  to  the  transformer  method  used  with  alternating  currents. 
One  trouble  with  the  third  method  before  mentioned  is  that  the 
charging  current  is  of  such  high  electro  motive  force  that  it  is  not 
safe  to  have  the  batteries  connected  with  the  house  wires  when  the 
battery  is  being  charged.  Automatic  devices  to  disconnect  the  house 
wires  are  therefore  desirable  but  owing  to  their  uncertainty  it  is  proba- 
bly better  to  have  the  necessary  switches. 

Mr.  Barber: — Mr.  President:  as  Mr.  Ubedacher  is  not  a  member  of 
the  Club  and  as  he  soon  will  be,  I  rejoice  in  the  opportunity  that  we 
have  o£  offering  him  a  vote  of  thanks. 

Mr.  Rice: — Mr.  Roberts:  I  happened  to  meet  an  electrician  in  the 
early  part  of  the  summer  who  made  the  statement  that  he  had  looked 
over  some  work  in  this  city  and  that  he  believed  it  to  be  the  worst 
system  in  the  countiw;  the  most  careless  in  putting  up  wires.  I  ask 
if  this  is  a  fair  criticism  of  the  work  or  not?  He  was  an  outside  elec- 
trician. 

Mr.  Roberts:— I  do  not  wish  to  make  any  statement.  There  cer- 
tainly is  some  very  bad  wiring  in  town. 

Mr.  Leland: — Did  I  understand  that  the  paper  read  showed  that 
the  storage  battery  is  no  good?  That  is  the  conclusion  I  have  drawn, 
perhaps  I  am  wrong. 

Mr.  Uberlacher: — I  hardly  think  we  can  say  that  the  storage  bat- 
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tery  is  no  good  whatever.  The  positive  plates  in  use  in  the  storage 
battery  will  give  out  in  the  course  of  a  year  or  two  even  with  careful 
handling:  that  is  commercial  batteries  as  mauufactured  to-day.  They 
give  satisfactory  service  until  the  active  material  becomes  worn  out. 
You  must  have  a  man  who  thoroughly  understands  the  working  of  the 
battery, — a  practical  man. 

Me.  Leland: — The  inventor  must  go  with  each  car. 

Mr.  Uberlacher: — Very  near  it,  yes. 

Mr.  Hermann: — I  have  been  told  that  the  only  successful  storage 
battery  road  is  in  Milford,  Mass. 

Mr.  Roberts: — I  think  there  is  no  question  that  the  storage  battery 
can  be  used  and  be  relied  upon  to  furnish  current.  There  is  a  suffi- 
cient quantity,  provided  that  the  batteries  are  charged  enough,  so  that 
they  will  never  be  over-discharged;  provided  they  are  very  seldom 
over -charged;  provided  that  when  the  cell  commences  to  show  signs  of 
sulphating  it  is  doctored  and  provided  a  good  many  other  things.  If  a 
person  can  do  that  and  does  not  care  for  the  cost,  he  can  obtain  a  relia- 
ble light.  We  use  the  storage  battery  in  our  factory.  They  are  un- 
der a  man's  inspection.  They  do  not  cost  very  much  but  that  is  a 
very  different  thing  from  commercial  lighting.  If  you  are  going  into 
competition  with  a  gas  company,  it  has  so  far  in  this  country  proved 
inadvisable. 

Mr.  Palmer: — I  would  like  to  ask  if  they  are  not  used  in  mines 
somewhat? 

Mr.  Uberlacher: — I  saw  sometime  ago  an  idea  of  a  mining  lamp, 
a  portable  mine  lamp  in  which  the  storage  battery  was  contained  in  a 
case  small  enough  to  be  carried  about.  That  is  the  only  case  of  its 
being  used  in  mines  that  I  know  of. 

Mr.  Barber: — I  think  there  is  one  fundamental  trouble  with  the 
storage  battery .  I  think  it  never  has  been  that  any  storage  battery 
ever  invented  has  had  the  principle  of  overcoming  that  trouble,  and 
that  is  when  the  battery  is  charged  and  discharged  and  charged  again 
it  does  not  return  to  its  former  condition.  There  is  a  difference,  there 
is  a  deterioration  that  takes  place  every  time.  It  is  simply  a  question 
of  life.  Of  course  that  is  very  slight  in  the  best  batteries,  but  that  of 
itself  alone  is  almost  fatal  to  the  battery. 

Mr.  Roberts: — With  reference  to  that,  the  battery  will  continue  to 
improve  for  a  certain  length  of  time  because  you  are  getting  more  ac- 
tive material.  Of  course  it  is  leading  to  its  death  because  the  active 
material  is  being  produced  from  the  skeleton  frame-work,  which  is 
therefor^  being  weakened  and  by  and  by  there  is  no  skeleton  frame- 
work left.  The  matter  of  sulphating  has  been  touched  upon  pretty 
thoroughly  in  the  paper.  When  the  battery  stands  it  becomes  so  bad- 
ly sulphated  in  the  multiple  arc  system  that  it  is  impossible  to  charge 
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it  as  a  whole  because  the  resistance  is  very  high.  It  would  be  neces- 
sary to  cut  in  cell  after  cell.  I  have  seen  considerable  trouble  in 
starting  with  3,600  volts. 

Mr.  Ramsay: — I  would  like  to  ask  if  you  know  about  that  railway 
at  Milford,  Mass.  I  was  interested  in  an  article  in  regard  to  it.  I  do 
not  know  what  the  article  cost.    It  spoke  of  it  as  quite  a  success. 

Mr.  Uberlacher: — I  urn  afraid  I  cannot  give  very  much  informa- 
tion about  it,  as  I  have  never  seen  any  account  of  it.  The  road  at  Mil- 
ford,  Mass..  was  noticeable  only  from  the  fact  it  is  one  £>{  the  few 
roads  that  are  running  in  this  country.  A  road  at  Washington  was  put 
in  by  the  Edso  Co.  They  guaranteed  at  the  time  of  installing  it,  to 
run  it  so  that  the  cost  of  motive  power  should  be  eight  cents  per  car 
mile,  not  including-  the  other  costs  on  the  road.  It  was  to  be  turned 
over  at  the  end  of  a  year  and  accepted  or  refused  according  as  the 
books  showed  that  the  cost  was  less  or  more  than  the  amount  re- 
quired. The  cost  at  the  end  of  the  first  year  was  somewhat  more 
than  eight  cents.  By  some  hook  or  crook  they  got  a  year's  extension 
to  go  on  and  perfect  the  road.  I  presume  we  will  have  the  storage 
battery  running  in  Washington  if  they  are  making  any  progress. 

Mr.  Roberts: — The  question  arises  as  to  whether  the  storage  bat- 
tery is  of  anj'  use.  It  is  used  in  Germany  in  connection  with  electric 
light  stations.  The  conditions  in  Germany  are  somewhat  different 
from  what  they  are  here.  The  storage  battery  can  be  used  as  an  aux- 
iliary. It  seems  it  must  be  commercially  advisable  over  there  or  they 
would  not  use  it.  They  possibly  have  better  batteries  than  we  have 
here.  The  cost  has  been  considered  very  carefully  and  so  far  it  has 
not  been  considered  advisable  to  adopt  them.  In  earlier  times  in  light 
stations  there  were  a  great  many  breakdowns.  At  present  however 
the  probability  of  a  breakdown  of  sufficient  extent  to  interfere  with 
the  general  lighting  is  very  small,  hardly  considerable.  If  you  have 
a  sufficient  number  of  engines  there  is  very  little  probability  of  any 
serious  breakdowns.  That  was  one  great  reason  for  exploiting  the 
battery  in  connection  wTith  stations.  From  1883  to  1885  or  1886  the 
Cheyenne  plant  was  used  with  the  battery  in  different  places  and  then 
for  two  or  three  years  they  were  grouped  in  the  stations  and  used  for 
day  lighting  in  the  winter  time  from  9  a.  m.  to  5  in  the  afternoon  and 
in  the  summer  time  from  5  in  the  morning  to  6  or  7  in  the  evening. 
The  batteries  would  be  charged  from  11  or  12  at  night  until  morning 
and  engines  which  were  in  use  were  always  operating  under  economi- 
cal load.  It  would  never  have  paid  if  we  had  to  buy  batteries  for  that 
purpose.  These  batteries  were  on  our  hands  because  the  system  had 
not  been  a  success  and  having  them  it  paid  to  use  them. 

Mr.  Hermann: — The  reason   why  the   storage   battery  is  better  in 
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Germany  is  that  good  electricians  are   cheaper  and  probably  more 
plentiful  than  here. 

Mr.  Roberts: — I  might  suggest  that  Mr.  Wason  who  is  in  the  rear 
part  of  the  room  tell  us  something  about  storage  batteries. 

Mr.  Wason: — In  connection  with  street  car  work  in  my  private 
opinion  the  storage  battery  at  present  is  further  from  a  success  that 
it  was  ten  years  ago.  The  manager  of  the  road  io  Dubuqne  Iowa, 
stopped  off  at  our  city  to  look  into  our  trolley  systems  with  the  object 
of  equipping  his  road  which  was  at  that  time  attempting  to  be  run  by 
the  storage  battery.  Everything  in  connection  with  the  station,  equip- 
ment, handling  of  cars  was  absolutely  after  the  plans  of  the  accumu- 
lator company  or  the  storage  battery  company,  managed  by  them  and 
I  suppose  experts  on  each  car  were  sent  out.  Notwithstanding  the  care 
taken  to  operate  these  cars  [I  think  they  had  nine  equipped]  he  told  me 
at  no  time  did  they  ever  have  more  than  six  of  the  nine  running;  also 
that  the  gross  receipts  of  his  road  would  not  pay  for  the  plates  of  the 
batteries  sufficient  to  run  his  road.  If  any  one  doubted  his  word  the 
books  were  open  at  any  time  to  any  one  who  might  choose  to  investi- 
gate. What  he  said  was  substantiated  by  the  actual  running  of  his 
road.  They  ran  the  storage  battery  car  in  Danvers  for  I  think  one  or 
two  summers,  I  don't  know  by  what  company,  I  have  forgotten. 
They  had  so  much  trouble  from  breakdowns,  stoppages,  having  to 
walk,  that  they  applied  to  the  city  council  to  have  poles  and  wires 
erected  and  have  the  trolley  system  in  order  not  to  be  so  entirely  be- 
hind their  neighbors.  When  I  was  east  this  summer  I  noticed  that 
that  road  was  equipped  with  the  trolley  system.  How  long-  the  road 
in  Washington  and  this  other  one  runs  will  absolutely  depend  on  the 
amount  of  money  of  the  parties  who  are  running  it.  As  to  its  com- 
mercial success  I  am  not  an  enthusiast.  I  would  also  say,  however, 
aud  I  think  every  street  railway  man  will  say  the  same,  that  we  would 
welcome  a  practical  storage  battery.  There  is  one  other  place  that 
possibly  has  not  been  thought  of  in  which  to  use  the  storage  battery, 
and  that  is  regulating  the  light  taken  from  the  street  railway  circuit, 
to  get  a  constant  light  or  in  other  words  to  do  away  with  the  fluctua- 
tion owing  to  the  difference  of  load  from  a  street  railway  line.  I  am 
now  making  some  modest  experiments  to  endeavor  to  determine  that. 
When  I  get  out  of  one  difficulty  I  get  into  something  that  is  worse. 
Whether  I  ever  succeed  in  doing  anything  rather  depends  on  the  length 
of  my  life,  I  think. 

Mr.  Searles: — The  quotation  of  the  weight  I  understand  to  be  60 
pounds  per  cell  and  that  was  commented  on  in  the  paper  as  being  too 
light  for  continuous  use.  The  circular  of  the  Washburn  car  puts  the 
weight  of  their  cell  at  40  pounds.      I  would  like  to  ask  whether  it  was 
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possible  under  the  arrangement  of  their  invention  to  consider  40 
pounds  as  a  practical  weight. 

Mr.  Uberlacher: — I  think  that  the  Washburn  company  called  the 
weight  of  their  150  pound  ampere  cell  40  pounds  and  stated  that  they 
would  use  180  of  these  cells  to  the  car.'  This  would  raise  the  weight  of 
the  car  7200  pounds.  The  ordinary  rule  has  been  [I  don't  know  how  it 
would  compare  in  capacity  with  the  Washburn  capacity]  that  the 
weight  of  battery  per  car  ran  two  or  two  and  one-half  tons,  consider- 
ably lighter  than  the  Washburn  estimate.  I  don't  know  what  their 
idea  is  in  increasing  the  weight  of  their  battery.  I  have  referred  to  60 
pounds  as  the  weight  of  the  Waddell  iron  and  copper  battery.  In  that 
battery  the  weight  does  not  seem  to  injure  the  life  of  the  cells;  it  is  a 
different  thing  altogether  from  a  lead  battery.  In  the  lead  battery  I 
don't  think  that  any  cell  weighing  less  than  100  pounds  per  horse  pow- 
er hour  has  ever  been  able  to  stand  the  jar  and  the  heavy  discharges 
incurred  in  that  service. 

Mr.  Roberts:— I  am  not  quite  sure  whether  it  was  sufficiently  ex- 
plained to  Mr.  Searles.  He  has  evidently  confused  the  weight  of  the 
cells  with  the  weight  necessary  to  give  one  horse  power  hour. 


CEDAR  BLOCK  PAVING. 


By  Thos.  Appleton,  Member,  Western  Society  of  Engineers. 


[Read  October  5,  1892.] 

Cedar  Block  Paving  has  been  used  for  a  great  many  years,  and 
doubtless  will  be  used  extensively  for  many  years  to  come.  It  is 
comparatively  noiseless:  it  affords  a  good  foothold  for  horses;  it  is 
not  dusty;  it  is  not  slippery,  excepting  when  covered  with  mud  or 
sleet,  and  when  in  good  condition  it  affords  a  smooth  surface  for  vehi- 
cles, and  moreover  it  is  cheap.  Therein  lies  its  chief  advantage. 
Among  the  criticisms  upon  it,  the  chief  objection  comes  from  a  sani- 
tary point  of  view,  in  that  the  wooden  blocks  readily  absorb  filth  and 
moisture  and  decay  rapidly. 

The  common  cedar  block  becomes  too  rotten  for  further  service  in 
from  seven  to  nine  years.  The  decayed  wood  absorbs  and  retains 
moisture  which  hastens  the  decay  of  the  remainder  of  the  wood.  The 
presence  of  large  quantities  of  slowly  decaying  vegetable  matter  sat- 
urated with  the  excrement  of  animals  cannot  be  otherwise  than  a 
menace  to  health.  If  wooden  pavements  must  be  used,  any  process 
which  will  lessen  the  capacity  for  absorbing  moisture  and  retard  the 
decay  of  the  block  will  be  a  great  advantage. 
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There  are  many  localities,  small  cities,  suburban  towns  and  the 
outlying  districts  of  the  large  cities,  .where  the  streets  are  almost  im- 
passable in  the  spring-  time,  and  some  form  of  improved  roadway  is  a 
prime  necessity.  The  tax  required  to  meet  the  cost  of  a  first  class 
pavement  would  in  many  such  places  amount  to  the  confiscation  of 
the  abutting  property.  In  such  cases  the  cheapest  pavement  is  the 
only  one  that  can  be  used,  and  here  cedar  block  paving  is  the  favorite. 

The  ordinary  method  of  construction  is  as  follows: 

The  curb  stone  is  set  to  the  true  grade,  and  the  ground  between  the 
curbs  is  graded  to  the  true  cross-section  of  the  street,  as  closely  as  can 
be  done  by  the  use  of  shovel  and  mattock.  After  this  the  surface 
should  be  well  rolled  by  a  heavy  steam  roller.  This  is  not  always 
done,  but  it  should  be.  One  not  accustomed  to  using  steam  rollers 
for  this  purpose  will  be  surprised  at  the  numerous  soft  spots  exposed 
by  the  heavy  roller.  It  detects  immediately  all  imperfectly  filled 
pipe  trenches.  Additional  earth  is  placed  over  these*soft  spots  and 
rolled  in  until  the  surface  remains  level  after  the  passage  of  the  roller. 

After  the  surface  has  thus  been  properly  prepared,  some  three  inch- 
es of  coarse  sand  is  spread  over  the  entire  surface.  One  by  twelve 
boards  are  then  laid  across  the  street  from  curb  to  curb,  usually  eight 
feet  apart,  and  carefully  bedded  in  the  sand  to  the  true  cross-section 
of  the  roadway.  These  cross-wise  boards,  commonly  called  stringers, 
furnish  a  guide  for  leveling  the  sand  and  support  the  ends  of  the  planks 
which  form  the  foundation  for  the  cedar  blocks. 

After  the  stringers  are  in  place  and  well  tamped,  a  straight  edge  or 
scraper  reaching  from  one  stringer  to  another  is  drawn  from  one  side 
of  the  street  to  the  other,  thus  leveling  the  sand  flush  with  the  top  of 
the  stringers.  If  the  sand  is  damp  it  should  be  compacted  by  ram- 
ming. It  would  be  well  to  have  the  scraper  raised  so  as  to  leave  the 
sand  a  little  high  above  the  stringers,  in  order  to  be  sure  that  the 
foundation  boards  have  a  perfect  support  throughout  their  entire  sur- 
face, which  is  the  chief  object  of  using  sand  in  this  place.  Sand  can 
easily  be  fitted  to  the  true  surface,  while  it  would  be  almost  impossi- 
ble to  grade  ordinary  clay  as  nicely.  The  sand  also  assists  in  draining 
away  any  water  which  percolates  through  the  paving. 

On  the  stringers  and  sand  the  foundation  planks  are  laid  close 
together  lengthwise  of  the  street;  the  ends  abutting  on  the  stringers. 
These  planks  are  one  or  two  inches  in  thickness  and  should  be  a  pretty 
fair  quality  of  lumber,  well  seasoned  and  dry.  The  purpose  of  this 
wood  foundation  is  to  support  the  blocks  in  their  true  position  and 
prevent  one  block  being  forced  down  below  its  neighbor  by  the  rolling- 
wheel  loads.  As  the  foundation  is  supported  continuously  over  every 
square  inch  of  its  surface  by  the  sand,  I  believe  one  inch  boards  are 
plenty  thick  enough  for   the  purpose.      Inch  boards  have  carried  the 
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traffic  until  they  decaj'ed,  and  it  is  doubtful  whether  a  rotten  two  inch 
plank  will  make  any  better  support  for  paving  than  a  rotten  inch 
board.  Sometimes  the  foundation  boards  have  been  dipped  in  hot  coal 
tar  before  laying.  If  the  board  is  well  seasoned  and  perfectly  dry,  the 
coal  tar  immersion  would  increase  the  durability  of  the  material,  but 
if  there  is  any  sap  or  moisture  in  the  lumber  the  coal  tar  would  effect- 
ual ly  seal  it  up  and  hasten  dry  rot  inside. 

In  Franklin  Street,  East  Saginaw,  which  was  paved  with  cedar 
blocks  resting  on  inch  boards  some  ten  or  twelveyears  ag-o,  the  boards 
were  dipped  in  hot  tar.  When  the  pavement  was  taken  up  last  ye^r 
these  boards  were  sound  enough  to  use  for  fencing,  and  many  of  them 
were  sold  on  the  spot  for  one-half  the  price  of  new  lumber. 

I  believe  better  results  would  be  obtained  by  subjecting  the  foun- 
dation plank  to  some  preserving  process,  such  as  Burnettizing  or  creo- 
soting.  A  one  inch  foundation  preserved  by  the  zinc  process  would 
cost  considerably  less  than  two  inch  plank  not  preserved,  and  I  believe 
would  last  much  longer. 

Paving  blocks  are  sawed  from  peeled  cedar  fence  posts  and  run 
from  four  to  eight  inches  in  diameter.  Six  inches  is  a  standard  length, 
but  some  cities  use  blocks  seven  or  eight  inches  long.  Unless  the 
travel  is  very  heavy,  a  six  inch  block  will  perish  by  decay  before  it  is 
worn  short  enough  to  crumble  to  pieces.  When  the  traffic  seems  to 
warrant  a  block  eight  inches  long,  some  different  material  for  surface 
should  be  used  instead  of  cedar.  Brick,  stone  blocks  or  asphalt,  would 
be  appropriate  for  such  cases. 

The  cedar  blocks  are  placed  on  end  close  together  upon  the  plank 
foundation,  and  are  packed  in  such  a  way  that  the  spaces  between  ad- 
joining blocks  are  three  sided  rather  than  with  four  or  more  sides. 
The  closest  packing  of  blocks  gives  triangular  spaces.  Projecting 
knots  or  bunches  on  the  side  of  the  block  should  be  cut  off  so  that  the 
blocks  may  stand  close  together. 

Cedar  blocks  can  be  placed  very  rapidly  by  skilled  men.  As  the 
blocks  are  of  all  sizes  it  is  easy  to  select  one  of  proper  size  to  fill  a 
given  space  properly.  Occasionally  it  is  necessary  to  split  off  a  piece 
of  a  block  in  order  to  make  it  fit  up  closely  against  the  adjoining 
blocks,  and  the  somewhat  paradoxical  proposition  is  demonstrated 
that  if  a  block  is  too  small  to  fill  a  certain  g-ap,  it  can  be  made  big  en- 
ough to  fit  by  splitting  off  a  piece  of  it.  In  paving  against  the  curb  or 
an}-  other  straight  .vertical  surface,  each  alternate  block  should  be 
split  in  halves,  and  the  straight  side  placed  against  the  curb. 

After  the  blocks  are  in  place  the  spaces  between  them  are  filled 
with  gravel,  rammed  down  by  iron  rods.  Some  specifications  require 
that  a  paving  cement,  composed  of  coal  tar  and  asphalt,  shall  be 
poured  over  the   whole  surface  of  the  pavement,  and  run  into  the 
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spaces  between  the  blocks.  Others  omit  the  paving  cement.  The 
cement  serves  a  useful  purpose  in  stopping  up  the  spaces  between  the 
blocks,  thus  preventing  water  running  down  through  the  pavement, 
and  it  also  sticks  the  -blocks  together  so  that  they  mutually  support 
each  other,  and  to  a  large  extent,  prevents  the  floating  of  the  pave- 
ment when  flooded  with  water.  If  this  paving  cement  is  vised  the 
blocks  and  gravel  should  be  perfectly  dry.  The  hot  tar  coming  in 
contact  with  moisture,  forms  steam  which  blows  the  tar  full  of  bub- 
bles and  destroys  its  cementing  power.  The  entire  surface  of  the 
pavement  is  then  covered  with  about  one  inch  of  fine  roofing  gravel. 
When  paving  cement  has  been  vised  this  top  dressing  of  gravel  should 
be  heated  in  order  that  it  may  bed  itself  into  the  tar. 

I  now  come  to  what  may  be  a  novelty  to  some  of  the  members, 
to- wit:    A  manufactured  sapless  cedar  paving  block. 

In  1885-86,  when  I  was  City  Engineer  of  East  Saginaw,  Mich.,  there 
was  laid  in  that  city  a  considerable  quantity  of  sapless  cedar  pav- 
ing. On  most  of  the  streets  the  travel  was  not  heavy  enough 
to  wear  out  cedar  paving  before  it  would  "perish  by  decay.  It  was 
alleg'ed  that  the  sap  portion  of  the  cedar  decayed  much  quicker  than 
the  heart  wood,  and  hence,  if  the  sap  wood  could  be  entirely  removed 
the  block  would  last  much  longer.  It  was  also  claimed  that  the  soft 
sap  wood  soon  gives  way  under  travel  and  that  the  edges  of  the  heart 
wood  being  thus  deprived $f  support  would  broom  up  and  turn  over, 
leaving  the  block  with  a  rounded  top  surface,  and  making  a  very  rough 
pavement  in  the  course  of  a  few  years.  Hence  the  Board  of  Public 
Works  decided  to  give  the  "Sapless  Paving  Block"  a  trial  in  hopes 
that  these  defects  would  be  avoided.  So  far  as  I  am  aware,  this  was 
an  untried  experiment  and  required  only  the  test  of  time  to  demon- 
strate the  value  of  the  sapless  block. 

Some  of  our  suburban  cities  have  recently  asked  for  bids  on  "Sap- 
less Cedar  Block  Paving"  and  this  revived  my  interest  in  the  matter 
and  led  me  to  make  some  inquiries.  I  learn  that  since  '86  no  common 
cedar  blocks  have  been  used  in  the  city  of  East  Saginaw  and  that  the 
sapless  block  stands  well.  I  have  here  some  samples,  sapless  blocks 
that  were  laid  in  1885  and  '86,  and  common  blocks  laid  at  about  the 
same  time.  Common  cedar  block  paving  gets  to  be  pretty  bad  in  six 
or  seven  years,  no  matter  how  light  the  travel  may  have  been.  One 
would  say  from  the  appearance  of  the  sapless  blocks  that  the  travel 
must  have  been  very  light.  The  blocks  are  nearly  of  their  original 
length,  but  they  are  sound  on  ends  and  sides,  there  is  but  little  broom- 
ing of  the  top  edges  and  no  rounding  of  the  top  surface.  The  wood  is 
hard,  solid  and  bright. 

Take  the  common  blocks  of  the  same  age.  The  sap  wood  on  the 
sides  is  so  soft  that  it  can  be  picked  off  by  the  fingers.      The  top  edges 
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are  crushed  down;   the  heart  wood  is  broomed  over   so  that  the  top 
surface  of  the  block  is  rounded. 

rHere  are  two  common  cedar  paving-  blocks  which  I  picked  up  from 
the  space  between  the  city  and  county  buildings  in  this  city.  I  am 
told  the  paving  was  laid  four  years  ago.  The  travel  there  is  almost 
nothing,  but  the  decay  goes  on  just  as-  rapidly  as  at  an}'  other  point. 
The  sap  wood  is  so  soft  that  one  can  pull  it  entirely  off  with  the  fin- 
gers. One  of  the  blocks  is  a  split  block  and  it  shows  how  much  faster 
the  .sap  wood  decays  than  the  heart  wood.  The  heart  side  is  compara- 
tively hard  and  sound,  but  the  sap  side  is  soft  and  punky.  No  doubt 
the  presence  of  this  sap  wood  hastens  the  decay  of  the  heart  wood.  It 
becomes  soft  and  holds  moisture;  it  acts  like  a  poultice  on  the  surface 
of  the  heart  wood. 

The  surface  of  the  sapless  block  is  in  much  better  condition  than 
the  heart  of  the  common  block,  although  the  sapless  block  is  the  old- 
er of  the  two. 

In  manufacturing  the  sapless  bl6ck,  the  cedar  is  first  sawed  into 
block  lengths.  It  is  not  necessary  to  remove  the  bark;  this  comes  off 
with  the  sap  wood.  The  blocks  are  then  taken  to  a  press  or  punching 
machine.  The  bed  of  this  machine  has  holes  four,  five,  six,  seven, 
eight,  nine  and  ten  inches  in  diameter.  At  the  top  of  these  holes  circu- 
lar collars  or  knives  are  secured  standing  up  two  or  three  inches  above 
t  he  bed  plate.  A  block  is  placed  on  one  of  these  knives  and  the  platen 
descending  forces  the  block  down  through  the  hole  in  the  bed,  while 
the  sap  wood  and  bark  is  shaved  off  above  the  bed.  The  intention  is 
to  take  off  all  the  sap  and  no  more,  so  that  the  attendant  places  the 
block  over  the  largest  die  that  he  thinks  the  heart  wood  will  fill.  In 
rase  he  misjudges  the  size  of  the  heart  wood  and  the  resulting  block 
still  has  some  sap  wood  upon  it,  the  block  can  be  punched  again 
through  the  next  smaller  size  die  and  the  sap  wood  entirely  removed. 
Generally,  the  defective  blocks  as  they  come  from  the  punching  press 
are  taken  to  a  second  machine,  which  has  one  straight  knife  and  other 
knives  of  various  radii  of  curvature,  and  these  knives  shave  off  any 
remaining  sap  wood  or  split  off  any  decayed  wood  that  may  be  on  one 
side  of  the  block. 

The  block  from  the  punching  press  has  a  very  pretty  appearance. 
Each  block  is  a  perfect  cylinder  with  sides  straight  and  true.  No 
knots  or  bunches  are  left,  so  that  they  can  be  set  close  together  in 
paving.  Those  that  have  passed  through  the  second  machine  have 
equallj'  straight  sides,  but  their  cross  section  is  not  always  a  true  cir- 
cle; it  may  be  a  segment  of  a  circle  with  a  straight  side.  But  there 
are  plenty  of  places  for  split  blocks,  and  as  long  as  the  blocks  are 
sound  and  free  from  sap,  it  is  not  essential  that  they  should  all  be  ex- 
actly cylindrical. 
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The  cornnion  cedar  block  is  made  only  from  small  sized  trees,  of 
such  size  as  would  be  used  for  fence  posts.  The  sapless  block  is  made 
from  any  size  of  tree,  large  or  small,  solid  or  hollow  hearted.  Any 
piece  that  has  four  inches  of  good  heart  wood  goes  into  paving  blocks, 
but  the  wood  is  all  heart  wood  and  of  good  sound  timber. 

The  average  cedar  block  has  from  25  to  35  per  cent  sap  wood  upon 
it.  Sap  f  of  an  inch  thick  on  a  7-inch  block  would  make  24  per  cent., 
sap  wood.  On  a  4-inch  block  the  same  thickness  of  sap  would  make 
34  per  cent,  of  the  entire  area  of  the  block.  On  some  blocks  the  sap 
will  run  more  than  f  of  an  inch  in  thickness,  as  can  be  seen  from  the 
samples  before  you.  Throwing  away  34  per  cent.,  of  the  material 
adds  to  the  cost  of  the  paving.  A  pertinent  inquiry  is,  what  does  this 
sapless  cedar  block  cost?  On  the  first  piece  of  cedar  block  paving  in 
East  Saginaw,  the  extra  cost  for  sapless  blocks  was  10  cents  per 
square  yard  over  the  cost  of  common  blocks.  Recent  figures  for  sap- 
less block  paving  in  some  of  our  suburbs  give  a  difference  of  30  cents 
per  square  yard.  I  understand  that  this  latter  difference  is  largely 
due  to  the  cost  of  railroad  freight  from  the  block  manufactory  in 
Michigan.  If  the  blocks  were  manufactured  in  this  city,  just  as  the 
common  blocks  are,  this  difference  of  30  cents  per  square  yard  would 
probably  be  reduced. 

What  is  the  best  method  of  paving  in  the  outskirts  of  the  large 
cities  and  in  smaller  cities  and  suburban  towns,  where  travel  is 
light  and  the  property  cannot  stand  any  heavy  assessments?  I 
would  answer;  first,  build  your  sewer,  lay  your  water  main  and  gas 
main;  then  put  in  a  sewer  connection,  a  water  service  pipe  and  gas 
service  pipe,  for  every  lot,  whether  the  lot  is  occupied  or  not,  at  least 
as  far  as  the  edge  of  the  sidewalk.  Do  all  this  work  the  summer  be- 
fore the  paving  is  laid  so  that  the  back  filling  of  the  trenches  may  get 
the  benefit  of  the  fall  rains,  winter  frosts,  spring  thaws  and  rains,  and 
thus  become  well  settled.  It  is  a  serious  injury  to  any  pavement  to 
have  it  taken  up  for  pipe  trenches  besides  incommoding  the  travel 
while  the  work  is  going  on.  Hence  all  such  work  should  be  anticipat- 
ed as  far  as  possible.  If  any  filling  is  required  do  that  at  the  same 
time  in  order  to  have  it  well  settled.  If  the  assessment  must  be  light, 
make  the  paving-  narrow.  A  pavement  16  or  20  feet  wide  is  vastly 
better  than  a  mud  road  of  any  width.  A  stone  curb  is  good  but  costly. 
A  timber  curb  will  answer  very  well  in  first  instance.  4  X  12  hemlock 
is  sometimes  used  for  curbing.  5  X  16  pine  would  be  better.  I  would 
roll  the  grade  with  a  steam  roller,  put  on  3  inches  of  sand  and  1  inch 
zinc  treated  boards  and  6  inch  sapless  blocks,  using  paving  cement 
only  in  case  the  pavement  is  liable  to  be  flooded  with  water. 

If  a  better  pavement  can  be  afforded,  use  6  or  8  inches  of  broken 
stone  thoroughly  rolled  with  a  heavy  steam  roller  and  omit  the  board 
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foundation.  In  any  case  a  4  inch  tile  laid  about  4  feet  below  the  curb 
and  connected  with  suitable  out-falls  will  add  greatly  to  the  durability 
of  the  pavement.  It  reduces  the  effect  of  frost.  In  many  kinds  of 
soil  the  main  sewer  has  the  same  effect  as  a  tile  drain,  but  if  the  soil 
is  water-proof  or  the  sewer  vei*y  deep,  the  drain  tile  will  still  be  need- 
ed. Where  there  is  no  sewer,  the  drain  tile  should  by  no  means  be 
omitted.  Even  where  there  is  no  paving  a  well  planned  system  of 
drain  tiling  is  a  wonderful  help  to  a  bad  road. 

A  few  words  about  special  assessments.  A  recent  law  of  the  State 
of  Illinois  provides  for  making  public  improvements  such  as  sewers, 
paving,  etc.,  and  paying  for  the  work  on  the  five  j^ear  special  assess- 
ment plan.  That  is,  the  cost  of  the  work  is  assessed  on  the  property 
benefitted,  and  the  owner  pays  in  five  annual  installments.  The  idea 
is  a  good  one.  If  the  owner  is  called  upon  to  pay  the  entire  special 
tax  for  any  improvement  at  once,  the  tax  is  oftentimes  burdensome. 
But  if  the  burden  is  spread  over  a  term  of  five  years  it  is  not  felt  so 
severely.  In  making  improvements  under  this  law,  some  muncipali- 
ties  are  getting  the  cart  before  the  horse.  ThejT  get  some  contractor 
to  do  the  work  long  before  they  provide  any  money  to  pay  him  for  it. 
Alter  the  work  is  done  the  assessment  is  made  up  and  by  and  by  some 
money  is  collected.  In  the  meantime,  the  Contractor  is  carrying  a 
pocket-full  of  papers,  which  are  neither  cash  nor  convertible  into  cash 
at  any  bank.  When  a  Contractor  has  to  take  his  pay  in  such  unnegoti- 
able  paper,  he  adds  ten.  twenty  or  thirty  per  cent,  to  his  prices  and 
thus  one  of  the  objects  of  the  five  year  plan,  the  lightening  of  the  bur- 
den upon  the  property  owner,  is  defeated. 

There  should  be  some  means  provided  of  paying  the  Contractor  in 
cash  promptly  when  his  work  is  done.  The  municipality  might  issue 
live  year  bonds  based  upon  the  special  assessments  and  such  bonds 
would  be  readily  taken  at  par  by  banking  institutions.  With  the 
proceeds  of  these  bonds  the  Contractor  would  be  paid  as  his  work  pro- 
ceeded and  the  prices  would  be  much  lower  than  is  now  charged  for 
public  improvements  paid  for  in  warrants. 

While  a  paved  roadwa3r  is  a  benefit  to  the  abutting  property,  the 
community  at  large  also  receives  great  benefits  from  the  improve- 
ment, and  should  of  right  bear  some  portion  of  the  cost  of  the  work. 
A  good  way  to  divide  this  cost  would  be  to  pay  for  the  cost  of  paving 
street  intersections,  that  is,  so  much  of  the  space  as  is  included  in  the 
intersecting  street  lines,  out  of  the  general  street  fund,  and  assess  the 
abutting  property  for  paving  only  what  lies  in  front  the  lots. 
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Oct.  19th.  1892:— A  regular  meeting  was  held  at  Wesleyan  Hall,  Brom- 
field  Street,  Boston,  at. 7.35  o'clock  P.  M.  President  Henry  Manley  in  the 
chair,  54  members  and  18  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Henry  S.  Adams,  Charles  R.  Felton  and  Alfred  Stebbins,  Jr. 
were  elected  members  of  the  Society. 

The  President  made  a  verbal  report  for  the  Board  of  Government  in 
relation  to  leasing  Room  8,  Wesleyan  Building  for  the  library  and  reading 
room  of  the  Society  and  Wesleyan  Hall  for  the  meetings.  The  Board 
recommended  that  the  room  be  leased  and  fitted  up  for  the  use  of  the  So- 
ciety. After  a  statement  from  the  Treasurer  of  the  financial  condition  of 
the  Society,  on  the  motion  of  Mr.  Whitney,  the  recommendation  was  adopt- 
ed and  the  Board  of  Government  was  authorized  to  execute  a  lease  for  the 
use  of  the  room  and  the  hall  for  one  year. 

On  motion  of  Mr.  Hodgdon,  the  sum  of  $100  was  appropriated  to  meet 
the  expenses  of  moving  and  of  fitting  up  the  room. 

On  motion  of  Mr.  Spalding  the  thanks  of  the  Society  were  extended  to 
Lieut.  F.  H.  Holmes  and  Capt.  Theo.  Falk,  for  courtesies  shown  the  mem- 
bers on  the  occasion  of  the  excursion  on  the  19th.  inst. 

Mr.  George  S.  Rice  read  a  very  interesting  paper  on  Rapid  Transit  for 
Boston  and  its  suburbs.  The  discussion  which  followed  was  participated 
in  by  the  President  and  Messrs.  Stearns,  Doane,  Hosvlandand  Allen. 

Adjourned.  S.  E.  Tinkham,  Secretary. 
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296th.  Meeting,  Nov.  2,  1892:— The  296th.  meeting  of  the  Society  was 
held  at  the  rooms  of  the  Central  Traffic  Association,  The  Rookery,  Wed- 
nesday evening',  November  2nd.,  1892  at  8  P.  M.  President  Randolph  in 
the  chair  and  some  50  members  present. 

The  reading  of  the  minutes  of  the  last  meeting  was  dispensed  with. 

The  Secretary  reported  for  the  Board  of  Directors,  the  application  for 
membership  of  Mr.  Ralph  Modjeski  and  the  resignation  of  Mr.  W.  D.  Ew- 
art. 

The  following  letter  had  been  received  from  the  Secretary  of  the  Engi- 
neers' Club  of  St.  Louis,  which  the  Board  presented  to  the  Society  for  con- 
sideration. 

St.  Louis,  Oct,  26, 1892. 
Secretary  Western  Society  of  Engineers: 

Dear  Sir: 

At  the  last  meeting  of  our  Club  the  following  amendment  to  the 
By-Laws  was  adopted. 
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"Sec.  8.  Exchange  of  Members: — Any  member  of  any  other  Soci- 
ety in  the  Association  of  Engineering  Societies,  in  good  standing,  may  be- 
come a  member  of  this  Club,  when  duly  elected  as  described  in  Sec.  7, 
without  paying  the  initiation  fee,  and  with  a  release  from  the  annual 
dues  for  such  period,  not  over  one  year,  as  he  may  show  by  certificate  he 
has  paid  in  advance  in  the  Society  from  which  he  comes,  provided  such 
Society  shall  have  conferred  like  privileges  on  members  of  this  Club." 

You  will  see  from  the  above  that  this  Section  only  becomes  operative 
with  clubs  having  a  similar  By-law  and  we  would  request  that  the  matter 
be  brought  to  the  attention  of  your  Society.      Trusting  that  you  will  look 
favorably  upon  this  matter  we  remain. 
Yours  Truly. 

Engineers'  Club  of  St.  Louis, 

Arthur  Thacher,  Secretary. 

The  letter  was  ordered  printed  in  the  Proceedings  to  be  more  intelli- 
gently considered  at  the  next  meeting. 

The  question  of  a  badge  for  the  Society  was  again  brought  up  by  a 
motion  of  Mr.  R.  P.  Brown,  that  a  committee  be  appointed  by  the  chair 
for  a  further  consideration  of  a  design  for  a  badge.  Seconded  and  carried. 
Committee  since  appointed:  Messrs.  G.  A.  M.  Liljencrantz,  R.  P.  Brown, 
R.  E.  Brownell. 

The  president  then  introduced  Mr.  Chas.  F.  White,  member  Engi- 
neers' Club  of  St.  Louis,  Consulting  Engineer  of  the  Citizens  Committee 
for  the  prevention  of  Smoke  who  very  clearly  described  many  of  the  de- 
tails connected  with  the  important  question  of  systematic  Smoke  Preven- 
tion. 

The  members  present  took  a  lively  interest  in  the  matter  and  plied 
.Mr.  White  with  numerous  questions  eliciting  much  useful  and  instructive 
information. 

President  Randolph  for  the  Society,  thanked  Mr.  White  for  his  inter- 
est ing  remarks. 

It  was  moved  and  seconded  that  a  committee  of  three  be  appointed  by 
the  chair  to  make  arrangements  for  the  Annual  Meeting. 

Mr.  D.  W.  Mead  concluded  the  meeting  by  reading  a  paper  on  the 
question  of  Street  Paving— a  continuation  of  the  discussion  on  Mr.  Ap- 
pleton's  paper  on  •Cedar  Block  Paving."' 

Adjourned.  John  W.  Weston,  Secretary. 


Editors  reprinting  articles  from  this  journal  are 
requested  to  credit  both  the  JOURNAL  and  the 
Society  before  which  such  articles  were  read. 
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A  PRACTICAL  TEST  OF  COMPOUND   LOCOMOTIVES  IN  REGU- 
LAR SERVICE. 


Second  Paper. 


By  C.  H.  Hudson,  Member,  Western  Society  of  Engineers. 


[Read  December  7,  1892.] 

Upon  October  7th.,  1891,  there  was  presented  to  this  Society  a  pa- 
per, giving  "A  Practical  Test  of  Compound  Locomotives  in  Regular 
Service,"  in  which  was  set  forth  the  results  of  eleven  months  experi- 
ence upon  the  East  Tennessee,  Virginia  &  Georgia  Railway,  with  a 
number  of  two-cylinder  Schenectady  compound  locomotives,  working 
against  a  number  of  simple  engines  of  like  age,  build  and  design,  and  in 
similar  service. 

The  belief  was  stated  in  that  paper  that  short  trials,  however  ac- 
curate, were  of  much  less  value^than  long  ones, — and  that  the  real 
every  day  work,  and  that  for  a  time  long  enough  to  cover  all  the  vi- 
cissitudes of  weather,  work,  fuel,  and  even  men,  was,  after  all,  the 
true  test  of  the  engines.  The  tests  considered  were  believed  to  be  of 
sufficient  length  to  prove  the  qualities  of  the  system  of  compounding 
used,  showing,  as  they  did,  that  the  engines  in  passenger  service,  gave 
an  economy  of  25.56  per  cent,  over  the  sister  engines  in  ten  months' 
work.  In  like  manner  the  consolidation  compounds  were  shown  to 
have  saved  24.70  per  cent,  of  fuel  over  the  simple  consolidations  in 
eleven  months  of  like  service. 

Another  year  has  passed,  during  which  the  comparative  tests  have 
been  continued,  and  it  is  of  this  that  this  second  paper  will  treat. 

The  comparison  of  the  ten  months'  work  of  the  passenger  engines 
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running  between  Knoxville  and  Bristol  was  shown  in  the  former  paper 
as  follows: 


Miles       Oar 
run.      miles. 

,  107,885    564,995 

Lbs.  coal 
used. 

6,263.654 
2,097,911 

Lbs.  coal 
pr.  cr.  mile. 

11.086 

8.252 

Sav- 
ing. 

Per 

cent. 

,    48,100     254,204 

2.834 

25.56 

The  comparative  statement  of  the  work  done  during  the  past  year 
is  as  follows: 


Miles 
run. 

144,652 

Car 
miles. 

823,618 
373,044 

Lbs.  coal 
used. 

8,994,000 
3,081,200 

Lbs.  coal 
pr.  cr.  mile 

10.920 

8.260 

Sav- 
ing. 

Per 

cent. 

68,170 

2.660 

24.86 

We  found  that  the  average  weight  of  the  cars  hauled  by  the  simple 
engines  was  slightly  in  excess  of  those  hauled  by  the  compound,  and 
have  corrected  the  car  miles  by  adding  enough  to  the  simple  engines  to 
equalize  this  difference  and  make  the  car  miles  of  the  same  value  (as  to 
weight)  in  both  cases.     The  error  was  a  small  fraction  of  one  per  cent. 

It  is  quite  likely  that  bhe  figures  of  last  year  should  have  been  cor- 
rected on  the  same  account,  though  which  way  or  to  what  extent 
has  not  been  ascertained;  and  as  the  item  is  very  small  it  may  be  neg- 
lected. 

The  above  figures  indicate  that  the  compound  has  been  worked  dur- 
ing the  past  year  at  almost  exactly  the  same  amount  of  coal  per  car 
mile  as  used  during  the  former  year,  while  there  has  been  an  improve- 
ment in  the  simple  engines  of  1.49  per  cent. 

If  we  now  combine  the  statements  of  the  two  years  we  have  the 
following: 

Miles       C;ir       Lbs.  coal  Lbs.  coal  Sav-       Per 

run.       miles.       used.  pr.  cr.  mile.        ing.      cent. 

2  Simple  Engines,  252,537    1,388,613   15,257,654  10.988 

1  Comp'd  Engine,  116,270      627,248      5,179,111  8.257  2.731       24.85. 

or  a  saving  in  fuel  in  two  years,  every  day  work,  of  24.85  percent. ,  and 
that  too  over  an  engine  which  is  believed  to  be  above  the  average  in 
economy  of  fuel. 

It  should  be  borne  in  mind  that  this  coal  reported  is  all  the  coal  used 
by  the  engine  during  this  year  including  that  used  for  firing  up,  bank- 
ing fires  and  what  might  have  been  left  in  the  fire  box  after  runs. 

A  little  light  upon  the  consumption  of  coal  per  car  mile  may  not  be 
amiss. 

The  table  below  will  show  the  consumption  of  coal  per  car  mile  up- 
on a  number  of  roads  in  various  parts  of  the  country ,  varying,  of  course, 
in  grades,  quality  of  coal  and  character  of  engines.  These  figures  are 
taken  mostly  from  published  monthly  reports  of  the  motive  power  de- 
partments, though  some  figures  were  taken  from  published  annual  re- 
ports of  the  officials  of  the  roads.     They  are  all  official  and  presumably 
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correct.  We  are  without  data  as  to  grades,  but  have  in  some  cases 
the  average  number  of  cars  handled  upon  freight  trains.  This  may  in 
some  degree  show  the  conditions  relative  to  the  road  over  which  the 
engines  considered  are  run,  upon  which  the  average  train  load  is  19.8 
cars. 

COAL  USED  PER  PASSENGER  CAR  MILE. 

(From  Published  Reports.) 


Name  of  Road. 


C.  C.  C.  &St.  L 

H.  &  St.  Jo 

Mo.  Pacific 

N.  O.  &N.  E 

N.  Y.  P.  &  O 

N.  Y.,L.  E.  &  W 

Wabash 

K.  C,  St.  Jo.  &  C.  B. 

L.  &  N 

Union  Pacific 

C.  N.  E.  &  W 

Chesapeake  &  Ohio. . . 
Norfolk  &  Western. . . 
E.  T.  V.  &  G 


Months. 


4 
5 
5 
3 
1 
1 

2  yrs. 

3  « 


Lbs.  Coal  per 
Pass.  Car  Mile. 


17.04 
15.89 
17.80 
21.10 
15.12 
19.26 
13.95 
13.17 
12.86 
16.33 
21.22 
14.76 
15.00 
12.14 


Ave.  No.  Frt.  Cars 
per  Train. 


20.8 


25.3 
20.3 
18.1 

16.1 

15.4 

22.9 
20.5 
19.8 


Average .  16 .  12 


Here  we  have  an  average  of  16. 12  pounds,  or  almost  50  per  cent, 
more  than  was  used  during  the  two  years  trial  by  the  simple  engine 
and  twice  as  much  as  used  by  the  compound. 

In  the  Railroad  &  Engineering  Journal  of  December,  1891,  we  find  a 
statement  much  of  this  same  kind,  tabulated  from  answers  to  inquiries 
from  the  editor  of  that  paper,  and  used,  tabulated,  to  show  the  rela- 
tive value  of  English  and  American  engines.  The  statements  are  offi- 
cial and  cover  a  year's  or  more  work,  and  are  unquestionably  correct. 
They  were  selected  as  the  representatives  of  American  coal  consump- 
tion. From  them  we  have  made  calculations  of  coal  used  per  car  mile, 
as  shown  in  the  following  table.  We  find  several  roads  in  the  list  that 
are  in  the  former  table. 

CONSUMPTION  OP  COAL  PER  PASSENGER  CAR  MILE. 
Name  of  Road.  Pouuds, 

Chesapeake  &  Ohio 14. 09 

Chicago  &  Alton 13.90 

Cincinnati   Southern 12.79 

C.  C.  C.  &  St.  L 14.05 

Louisville  &  Nashville 11. 84 
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Illinois  Central 16.68 

Michigan  Central 13.22 

N.  Y.  L.  E.  &  W 17.34 

N.  Y.  P.  &  0 13.72 

PenDS}Tlvania,  East  of  Pittsburg- 13.64 

Pennsylvania,  West  of  Pittsburg 11.04 

Philadelphia  &  Erie 15.62 

Average 13.99 

Here  we  have  au  average  of  13.99,  or  a  little  over  two  pounds  less 
than  in  the  former  table.  Combining-  the  two  we  have  an  average  of 
15.06  pounds  per  car  mile.  This  is  80  per  cent,  more  than  was  consumed 
during-  our  two  years  work  by  our  compound,  and  37  per  cent,  more 
than  was  used  by  our  two  simple  engines  with  which  the  compound 
was  compared. 

Doubtless  some  of  these  roads  use  coal  somewhat  inferior  to  that 
used  in  these  tests,  but,  on  the. other  hand,  much  of  the  coal  used  is 
claimed  to  be  second  to  none  in  America;  consequently  it  may  be,  and 
probably  is  superior  to  that  used  upon  the  East  Tennessee,  Virginia  & 
Georgia  Railwaj'.  We  have  not  before  us,  however,  any  data  on  that 
subject. 

Just  how  the  grades  affected  the  matter  we  cannot  determine,  as 
our  data  is  imperfect.  Very  many  of  the  roads  mentioned  are  of  low- 
er grades, — very  few.  if  any,  have  higher  grades,  though  quite  a  num- 
ber have  probably  about  the  same.  At  any  rate,  there  is  not  enough 
difference  in  the  grades  or  quality  of  the  coal,  or  both  combined*  to  ac- 
count for  the  difference  in  the  consumption  of  coal. 

It  seems  a  safe  conclusion  that   the  simple  engines,  with  which  the 
compounds  are  compared,  are   very  economical  in  fuel:  hence,  the  de- ' 
ductions  as  to  economy  of  compounds  are  of  absolute  value. 

Various  reports  of  engine  tests  show  better  figures  than  are  given 
in  this  yearly  statemeut.  but  it  should  be  borne  in  mind  that  they  usu- 
ally do  not  include  the  fuel  used  in  firing  up  or  in  banking  fires,  but 
simply  show  that  actually  put  in  the  fire-box  during  the  trip.  Quite  a 
number  of  tests  were  made  in  this  way  with  East  Tennessee  engine 
254,  the  result  of  one  set  being  shown  below: 

Feet..  Lbs. 

4  Trips  Knoxville  to  Bristol,  131  mi.  up  grades  in  excess,        70  6.95 

4  Trips  Bristol  to  Knoxville,     "     '*  down     "        "         "  70  4.20 

1  Round  Trip  Knoxv.  to  Chatta   112  mi.  &  return  grades,       60  5.35 

Average  of  the  whole  1,270  miles  per  car  mile,  5.47 

A  two  cylinder  compound  built  by  the  Rhode  Island  Locomotive 
Works  was  tested  on  the  N.  Y.  P.  &  B.  road  and  made  ten  round  trips 
from  Providence  to  New  London  and  return,  a  road  of  light  grade,  (1-2 


A  PRACTICAL'  TEST  OF  COMPOUND  LOCOMOTIVES.        569 

of  1  per  cent.)  showing  an  average  consumption  per  car  mile  of  6.28 
lbs.,  being  only  the  coal  actually  used  on  the  road.  The  same  engine 
made  sixteen  round  trips  from  Boston  to  Springfield  and  return,  show- 
ing an  average  consumption  of  coal  per  car  mile  of  6.10  lbs.  Here  were 
two  and  one-half  miles  of  60  ft.  grade  and  nine  miles  of  from  40  to  50 
ft.  grade,  and  the  balance  low  grade. 

It  may  be  said  that  the  above  tests  were  against  a  new  York,  Provi- 
dence &  Boston  engine  on  that  road,  and  against  a  Boston  &  Albany 
engine  on  that,  and  the  results  showed  a  saving  of  fuel  of  about  23  per 
cent,  by  the  compound  engine. 

A  Dean  two  cylinder  compound  was  recently  tested  upon  the  Old 
Colony  Railroad.  Six  trips  between  Boston  and  Fall  River,  on  the 
Steamboat  train,  10.8  cars,  35  miles  per  hour;  eleven  trips  on  the  Shore 
Line  Express,  5.  45  cars,  40  miles  per  hour.  This  was  on  a  low  grade 
road  and  with  the  best  of  coal.  The  coal  considered  was  the  coal  used 
on  the  road,  the  engine  showing  a  consumption,  1st.  4.22  pounds,  2nd. 
7.09  pounds,  and  a  saving  of  about  30  per  cent,  over  the  simple  engines. 

On  the  face  of  it  this  engine  would  seem  to  be  more  economical  than 
the  Rhode  Island,  but  the  grades  were  lighter  and  it  is  hard  to  say  just 
what  the  exact  relations  are.  It  seems,  however,  to  add  testimony  as 
to  the  economy  of  the  two  cylinder  compound. 

Both  these  and  the  Rhode  Island  engine  tests  are,  as  a  whole,  in  line 
with  the  figures  of  the  two  cylinder  engines  first  mentioned,  but  are 
open  to  the  same  objection  that  all  short  tests  are,  and  are  of  much 
less  real  value  than  the  long  every  day  work  of  the  two  years  com- 
parisons. 

During  the  past  year  we  had  a  short  test  between  a  two  cyl- 
inder and  a  four  cylinder  engine,  the  latter  having  two  14  &  24  X  24 
cylinders  with  72  inch  wheel  and  a  62  inch  boiler,  while  the  two  cyl- 
inder compound  had  19  &  27  X  24"  cylinders,  with  68"  wheel  and  58" 
boiler,  intended  to  be  the  equivalent  of  19  X  24",  while  the  four  cylin- 
der was  intended  to  be  the  equivalent  of  20  X  24,  and  had  a  4"  larger 
wheel.  In  this  case  the  fires  in  both  engines  were  prepared  from  coal 
other  than  that  on  tender,  and  only  coal  was  considered  that  was  used 
upon  the  road. 

The  test  consisted  of  four  trips  Knoxville  to  Bristol  for  each  engine, 
on  train  No.  2.  Distance  131  miles,  70  ft.  grades,  some  very  long. 
Four  trips  from  Bristol  to  Knoxville  on  train  No.  1,  westbound,  same 
distance  and  grade,  excess  of  ascent  towards  Bristol.  One  round  trip 
Knoxville  to  Chattanooga  (112  miles)  and  return,  trains  1  and  2,  grades 
60  feet.  The  coal  was  accurately  measured,  as  was  the  water.  The 
four  cylinder  engine  was  run  by  the  man  in  charge  of  it  for  its  owners, 
with  such  aid  as  he  requested  from  the  Company.     The  East  Tennes- 
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see  engine  was  run  by  a  man  but  recently  put  on  it,  and  certainly  he 
did  no  better  than  would  a  man  thoroughly  used  to  it. 

The  total  run  was  1,270  miles  for  each  engine,  on  day-light  runs, 
same  time,  and  so  far  as  could  be  controlled,  under  the  same  condi- 
tions. 0 

The  results  tabulated  are  as  follows: 


2  Cylinder 

4  Cyl  nder 

Excess. 

De- 

Per 

Compound. 

Compound. 

crease. 

Cent. 

Miles  run 

1,270 

1,270 

Car  miles 

10,333 

10,716 

383 

— 

3.7 

Coal  used,  lbs 

56,649 

69,850 

13,201 

— 

23.3 

Water  used,  lbs.  . . . 

487,589 

539,848 

52,259 

— 

10.7 

"Water  evaporated 

per  pound  coal. 

8.66 

7.73 

— 

0.93 

10.7 

Pounds  coal  per 

engine  mile. 

44.50 

54.85 

10.35 

— 

23.3 

Pounds  coal  per 

car  mile. 

5.47 

6.52 

1.05 

19.2 

The  actual  car  miles  of  the  four  cylinder  was  10,760,  but  the  aver- 
age weight  of  the  cars  was  forty-one-hundredths  of  1  per  cent,  less 
than  of  the  cars  drawn  by  the  two  cylinder  compound,  and  in  order  to 
equalize  this  and  make  the  unit  equal  I  have  deducted  44  car  miles, 
this  being  the  same  correction  made  in  the  years's  report. 

Taking  the  two  cylinder  engine  as  a  basis,  the  four  cylinder  used 
19.2  per  cent,  more  coal  per  car  mile  than  did  the  two  cylinder. 

The  four  cylinder  engine,  as  before  stated,  was  the  more  powerful 
of  the  two  and  did  a  little  over  5  per  cent,  more  work  in  the  whole 
run. 

It  is  to  be  presumed  that  she  was  well  handled  and  made  to  give  as 
good  results  as  possible. 

Just  before  coming  to  the  East  Tennessee,  the  same  engine  had  been 
tested  upon  the  Norfolk  &  Western,  making-,  as  given  in  published  re- 
ports, four  round  trips  from  Roanoke  to  Bristol  (151  miles)  and  return, 
in  passenger  service,  showing  a  consumption  of  7.5  lbs.  coal  per  car 
mile.  This  was  upon  the  same  trains  as  upon  the  East  Tennessee  and 
over  the  same  character  of  road  and  with  Pocahontas  coal  the  only 
coal  used  on  the  road,  and  of  excellent  quality. 

This  showing  of  7.5  lbs.  was  13  per  cent,  more  than  the  6.52  lbs. 
shown  by  the  same  engine  upon  the  East  Tennessee. 

Unfortunately,  there  was  no  simple  engine  run  against  this  four 
cylinder  upon  this  particular  test  upon  the  Norfolk  &  Western. 

As  before  stated,  the  1,270  miles  consisted  of: 

4  trips  Knoxville  to  Bristol  (131  miles)  with  maximum  grade  of  70  ft. 
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The  total  rise  made  on  run 3,320  ft. 

Total   fall.. 2,510   " 

Net  rise 810   " 

4  trips  Bristol  to  Knoxville   (131  miles)  where   the  figures  were   re- 
versed and  we  have, 

Total  rise 2,510  ft. 

Total  fall 3,320  " 

Net  fall 810  " 

1  Round  trip  Knoxville   to   Chattanooga  (112  miles)  and  return, 
maximum  grade  60  ft. 

The  effect  of  the  grades  is  indicated  by  the  figures  in  the  following- 
table  : 


4  trips.  Knoxville  to  Bristol 

4  trips,  Bristol  to  Knoxville 

1  round  trip,  Knoxville  to 

Chattanooga  and  return 

Average 


Coal  per  Car  mile. 


2  Cyl.         4  Cyl. 


6.95 
4.20 

5.35 

5.47 


7.56 
5.45 

6.39 

6.52 


Evaporation 

of  Water  per  lb. 

Coal. 


2  Cyl.        4  Cyl 


7.81 
10.00 

8.17 

8.66 


7.19 
8.26 

8.02 

7.73 


This  was  in  passenger  service. 

On  the  trip  up  the  grades  to  Bristol  the  four  cylinder  used  only  8.5 
per  cent,  more  of  coal  per  car  mile,  while  on  the  down  trip  she  used 
about  30  per  cent.  more.  On  the  trip  Knoxville  to  Chattanooga  she 
used  19  per  cent,  more,  being  almost  exactly  the  average  of  all  the 
trips. 

The  water  evaporation  per  pound  of  coal  was  better  upon  the  two 
cylinder  than  upon  the  four  cylinder,  notwithstanding  the  fact  that 
the  latter  had  a  much  larger  boiler. 

Just  what  a  year's  work  would  show  is  a  matter  of  conjecture, 
though  the  indications  from  this  test  would  be  in  favor  of  the  two 
cylinder,  from  the  standpoint  of  economy  in  fuel. 

In  the  same  line  and  confirming  the  last  figures  is  the  test,  also 
taken  from  published  reports,  of  the  same  4  cylinder  engine  upon  the 
C.  B.  &  Q.  between  Chicago  and  Galesburg,  which  shows  up  as  fol- 
lows: 

Car  Miles.  Pounds  Coal  Avg.  Lbs.  Pr.  Car  Mile. 

11,880  84,455  7.53 
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This  was  the  amount  put  into  the  firebox  on  the  road. 

This  over  165  miles  of  road,  85  miles  of  which  has  but  28  ft.  maxi- 
mum grade,  and  not  many  miles  of  it,  and  eighty  miles  of  which  has 
39  ft.  maximum  grade,  against  70  ft.  long  grades  of  the  E.  T.  V.  &  G. 
The  difference  can  be  understood  when  we  say  that  the  resistance  from 
gravity  on  the  70  ft.  grade  is  26  lbs  per  ton, 
while  for  39  "       "  it  "  15  "     "      *« 

and  upon  28  "  not  quite  11  "      "      "averaging  only  50  per  cent. 

of  the  high  grade,  the  resistance  due  friction  being  the  same  in  all 
grades. 

It  will  be  seen  that  the  grades  were  very  much  in  favor  of  the  C. 
B.  &  Q.  test. 

We  have  not  the  exact  weight  of  cars,  but  a  rough  examination 
seems  to  show  that  the  average  weight  of  the  cars  in  the  C.  B.  &  Q. 
train  was  slightly  greater  than  on  the  E.  T.  V.  &  G.  but  not  anywhere 
near  enough  to  make  up  for  the  difference  in  grade. 

The  speed  in  the  C.  B.  &  Q.  case  was  considerably  greater,  perhaps 
20  per  cent.,  being  42  miles  against  35  of  the  other.  This  would  add 
to  the  resistance,  but  only  about  40  per  cent. ,  if  it  increases  as  the 
square  of  the  speed,  which  is  questionable. 

Taking  all  these  items  into  account,  viz: 

Less  resistance  due  lighter  grades 

Greater     "  "  increased  speed 

"  "  "  heavier  car 

we  may  conclude  that  the  relations  are  not  very  dissimilar  and  we 

ought  to  expect  about  the  same  amount  of  coal  burned  in  the  one  test 

as  the  other. 

We  find  however,  on  the  C.  B.  &  Q 7.53  lbs. 

N.  &  W 7.50     " 

E.  T.  V.  &G 6.52     " 

showing  that  the  amount  burned  on  the  East  Tennessee  was  not  ex- 
cessive, notwithstanding  the  fact  that  it  was  19  per  cent,  in  excess  of 
what  the  two  cylinder  compound  burned,  viz:  5.47  lbs. 

Another  point  was  tested  in  the  1,270  miles  run,  between  the  2-cyl- 
inder  and  4-cylinder  engines,  in  the  way  of  the  use  of  cylinder  oil  and 
is  shown  in  the  following: 

2-Cylinder.  4-Cylinder. 

Pints  of  cylinder  oil  used 10  40 

Miles  run  to  pint.  ..  , 127  32 

Here  we  find  that  on  that  run  of  1,270  miles  the  4-cyJinder  engine 
used  40  pints  of  cylinder  oil,  or  four  times  as  much  as  the  2-cylinder 
engine. 

The  oil  went  first  into  the  valve  cylinder  of  the  four  cylinder  en- 
gine, which  was  found  to  be  very  well  lubricated;  thence  into  the  high 
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pressure  cylinder,  which  was  fairly  lubricated;  thence  into  the  low 
pressure  cylinder,  which  seemed  to  be  poorly  lubricated,  notwithstan- 
ding the  larger  amount  of  oil  used.  The  cylinders  of  the  2-cylinder 
engine  were  lubricated  about  as  usual  and  satisfactorily. 

This  cylinder  oil  is  a  very  small  item,  and  yet  in  one  year  would 
amount  to  about,  for  the 

2-Cylinder $  41.00 

4-Cylinder 164.00 

Saving  by  the  2-Cylinder $  123.00 

An  item  certainly  worth  saving, 

No  special  effort  was  made  by  either  engineer  at  economy  of  oils, 
either  cylinder  or  lubricating,  the  2-Cylinder  engine  using  about  as 
usual  and  what  its  engineer  thought  about  right,  while  the  amount 
used  by  the  4-Cylinder  was  what  its  engineer  thought  best,  and  un- 
questionably it  was  about  all  needed. 

No  comparisons  were  made  with  lubricating  oils,  no  correct  account 
having  been  kept  with  the  4-Cylinder  engine. 

Regarding  the  compounds  in  freight  service,  the  two  consolidations 
described  in  last  year's  paper  have  been  run  during  the  past  year  be- 
tween Kaoxville  and  Chattanooga  continually,  but  no  simple  engines 
of  the  same  age  and  condition  have  been  run  continually  against 
them.  Such  engines  have  been  run  much  of  the  time  upon  other  parts 
of  the  road  under  different  conditions  of  g'rades,  etc.,  so  that  no  com- 
parison can  be  well  made. 

The  engines  that  were  run  over  the  same  road  with  the  compounds 
were  just  out  of  the  shops  after  general  overhauling  and  consequently 
in  better  shape  than  an  engine  a  year  or  two  old,  as  were  the  com- 
pounds, and  no  comparison  would  be  fair. 

The  statistics  for  eleven  month's  service  in  former  paper  were  as 
follows: 


Eng. 
Miles 
81,226 
61,318 

SIMPLE. 

Car       Avg.  Crs. 
.    Mile".    Per  Trn. 
1,335,045        16.43 
1,190,786        19.41 

1A>s.  coal 
consumed. 
8,252,533 
5,977,917 

LDS. 

pr.  cr.  mile. 

6.532 

5.029 

4£ngs.,  East  End,  6mos. 
4     "       West  End,  5    " 

Total 142,544    2,525,821       17.23  14,230,450  5.634 

COMPOUND. 
2Engs.,EastEnd,  6  mos.       27,682    495,050        17.88  2,454,142  4.957 

2     "      West  End,  5      "  31,550    712,291         22.57  2,667,505  3.746 


Total 59,232   1,207,341       20.38  5,121,647  4.242 

Saving 1.892 

Or 24.70  pr.  ct. 

It  will  be  noticed  here  that  the  coal  per  car  mile  upon  the  West 
End,  with  lower  grades,  was  in  the  case  of  the  simple   engines  23  per 
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cent,  less  than  upon  the  East  End,  while  with  the  compounds  it  was  24 
per  cent.  less. 

It  will  be  noticed  also  that  on  the  West  End  the  simple  engines  used 

per  car  mile 5. 029  lbs. 

while  the  compounds  used 3.746     " 

Saving...., 1.283     " 

Or 23.52  per  cent. 

While  we  have  no  simple  engine  service  this  year  with  which  sat- 
isfactory comparisons  can  be  made,  we  can  compare  the  work  of  this 
year  of  the  compounds  with  last,  which  comparisons  seem  to  confirm 
last  years  figures  so  far  as  the  compounds  are  concerned. 

Eng.         Car      Ave.  Ors.       Lbs.  coal         Lbs. 
1892  Miles.       Miles,    pr.  Trn.      consumed,    pr.  car  mile. 

2  engines  12  months,  68,507      1,820,513       26.60  6,818,200  3.745 

Here  we  have  almost  exactly  the  same  consumption  of  coal  per  car 
mile  for  the  year  as  was  shown  during  the  previous  37ear,  it 

being 3.  745 1892 

against 3.  746 1891. 

Considering-  that  the  engines  were  a  year  older,  and  necessarily  the 
machinery  is  looser  in  every  way,  it  would  seem  that  they  were  do- 
ing remarkably  well  to  keep  even  with  the  previous  year  in  their 
work. 

That  we  may  see  the  relation  of  this  coal  consumption  to  the  gen- 
eral rates  over  this  countiy,  I  give  below  a  list  of  figures  compiled,  as 


Name  of  Road. 

Months. 

Lbs.  Coal  per 
Car  mile. 

Average 
Load. 

Alabama  Great  Southern. . 

Alabama  &  Vicksbur^' 

Cincinnati  Southern 

C,  C,  C.  &  St.  Louis 

Hannibal  &  St.  Jo 

Missouri  Pacific 

4 
4 
4 
5 
5 
7 
4 
6 
8 
3 
4 
5 
5 
3 
1 
1 

2  yrs. 

3  " 

6.34 
6.47 
7.46 
5.97 
6.50 
6.40 
6.19 
7.52 
6.32 
6.63 
6.05 
5.35 
6.87 
8.90 
7.07 
5.76 
7.50 
5.56 

15.1 
16.7 
14.0 
20.8 

N.  O.  &N.  E 



N.  Y.  P.  &  O 

25.3 

N.  Y.,  L.  E.  &  W 

20.3 

V.,  S.   &  P 

— 

Wabash 

18.1 

K.  C,  St.  Jo.  &  C.B 

L.  &  N 

16.1 

Union  Pacific 



C.  N.  E.  &  W 

15.4 

c.  &  o 

22.9 

N.  &    W 

E.  T.  V  &G 

20.5 
19.8 

Average . 


.6.60 
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in  the  case  of  the  passenger  engines,  from  published  official  reports  of 
motive  power  departments  and  general  officers. 

As  in  the  case  with  the  passenger  figures,  we  will  introduce  a  state- 
ment prepared  from  figures  from  the  December,  1891,  Engineering 
Journal,  showing  the  consumption  of  coal  per  freight  car  mile  on  the 
leading  American  roads,  as  before  stated,  selected  to  compare  with 
English  consumption. 

Lbs.  per 
Roads.  Car  mile. 

Chesapeake  &  Ohio 6.74 

Chicago  &  Alton 4.73 

Cincinnati  Southern 4.30 

C.  C.C.  &  St.  L 4.99 

Illinois  Central 7.06 

Louisville  &  Nashville 7.11 

Michigan   Central 4.00 

N.  Y.  L.  E.  &W 5.61 

N.Y.P.&O 6.17 

Pennsylvania  (East  of  Pittsburg) 5.58 

Pennsylvania  (West  of  Pittsburg) 4.20 

Philadelphia  &  Erie 4.71 


Average 5.23 

It  will  be  noticed  that  in  a  number  of  these  cases  the  figures  are 
much  below  those  of  the  first  statement,  the  average  of  the  whole  be- 
ing 1.37  lbs.  less. 

Taking  an  average  of  the  two  we  have  6. 07  lbs.  per  freight  car  mile, 
which  may  probably  be  taken  as  a  fair  average  figure  for  American 
roads.  This  however,  is  about  60  per  cent,  more  than  the  two-cylin- 
der compound  used  on  an  average  for  two  years'  work  upon  the  East 
Tennessee,  and  upon  grades  it  is  believed  equal  on  an  average  to  those 
of  the  roads  included  in  the  above  statements. 

We  believe  we  are  justified  in  claiming  for  the  freight  compounds 
for  the  two  years  the  same  superiority  so  far  as  consumption  of  fuel 
is  concerned,  as  was  shown  during  the  former  year,  and  as  was  shown 
by  the  passenger  engines  for  the  two  years. 

The  item  of  repairs  is  the  one  on  which  the  doubters  harp,  claiming 
that  the  saving  in  coal/ if  it  be  cheap,  is  so  small  that  it  is  more  than 
made  up  by  the  increased  repairs  of  the  engines. 

The  statement  for  last  year  showed  for  the  10-wheeler  in  passenger 
service. 

Miles. 
2  Simple  6  months  69,220 

1  Compound  6  months   29,864 


Cost. 

Cost  per  mile 
in  ceuts. 

L,213.12 

1.75 

527.51 

1.77 
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For  the  present  year  it  was: 
2  Simple 144,652  $3,763.88  '2.62 

1  Compound 68,170  1,831.33  2.68 

While  we  have  an  increase  here,  the  relations  are  about  the  same 

Combined  we  have: 

2  Simple     1  1-2  years,  213,872  $4,977.00  2.33 

1  Compound"        "        98,034  2,358.84  2.40 

Here  seems  to  be  a  slightly  increased  cost  for  the  compound,  or 
about  3  per  cent.,  which  would  amount  to  about  23  doll ars  per  year, 
while  the  coal  saved  would  amount  to  850  tons,  or  say  about  $1,275, 
at  $1.50  per  ton,  a  sum  so  much  more  than  the  additional  repairs,  even 
if  the  excess  was  ten  times  $23,  as  to  make  the  compounding  valuable 
beyond  question. 

As  to  the  freight  engines,  our  last  year's  statistics  were: 

Cost  per  mile 
Miles.  Cost.  in  cents. 

4  Simple  Engines,  76,827  $1,312.66  1.70 

2  Compound   "        39,268  612.72  1.55 

For  the  year  just  passed  we  have  no  enffine  exclusively  on  the  same 
runs  as  the  compounds.  We.  however,  have  taken  eleven  simple  en- 
gines of  the  same  age  as  the  compounds  that  have  been  run  in  about 
the  same  character  of  service  and  during  the  year  averaged  about  the 
same  mileage,  though  not  on  the  same  part  of  the  road.  This  for  car 
mileage  comparison  would  not  do,  but  for  engine  mileage  is  certainly 
not  objectionable. 

The  figures  for  the  vear  are: 


Miles. 

Cost. 

Cost  per  mile 
in  cents. 

11  Simple  Engines, 

370,655 

$8,651.62 

2. 83 

2  Compound    " 

68,503 

1,690.46 

2.47 

Now  combining  the   two  years,  or  one  and  one-half  years,  more 
properly,  we  have: 

4  Simple  Engines  1891,   76,827  1,312.66  1.70 

11     "  "  1892,370,655  8,651.62  2.33 


Total 447,482  $9,964.28  2.23 

2  Comp'd  Engines  1891,    39,268  $   612.72  1.55 

2       "  "        1892,    68,503  1,690.46  2.47 


Total 107,771  $2,303.18  2.14 

Here  we  find  that  while  for  this  year  the  repairs  of  the  compounds 
were  a  trifle  more  per  mile  run,  they  were,  for  the  year  and  a  half  con- 
sidered, a  trifle  less. 

It  has  been  claimed  that  the  large   cylinder  would  wear  upon  the 


A  PEACTICAL  TEST  OF  COMPOUND  LOCOMOTIVES.        577 

bottom  much  more  than  upon  the  sides,  caused  perhaps  by  the  greater 
weight  of  the  piston. 

An  examination  of  the  cylinders  of  two  simple  consolidations  of 
the  same  age  and  having  had  about  the  same  service  as  the  compounds 
was  made,  and  at  the  same  time  an  examination  of  one  consolidation 
compound  and  one  10-wheelecl  (passenger)  compound. 

Accurate  measurements  of  inside  diameter  were  made  four  inches 
from  the  front  head  and  at  points  four  inches  apart  the  entire  length 
of  the  cylinder,  the  measurements  being  both  vertically  and  horizon- 
tally, and  in  both  cylinders. 

It  was  found  that  on  the  first  engine  examined  (simple)  the  right 

hand  cylinder  had  elongated  vertically 0.103  inches, 

while  the  left  hand  had  elongated  horizontally 0.024      " 

Why  this  should  be  is  now  known.  The  vertical  elongation  of  the 
right  hand  cylinder  was  the  gTeatest  found  in  the  examinations. 

In  the  second  engine,  (simple)  the  elongation  was  the  same  in  both 
cylinders  and  vertical 0.017  inches, 

In  the  third  engine  (compound  consolidation)  the  elongation  was 

vertical,  the  right  hand  cylinder 0.021  inches, 

and  on  the  left  hand  vertical,  but  very  small 0.007       " 

three  of  the  measurements  showing  nothing-. 

For  the   fourth   (passenger  compound)     the    right    hand    cylinder 

showed  a  vertical  elongation  of 0.077  inches, 

while  the  left  showed 0.044      " 

Comparing  the  simple  with  the  compounds,  the  average  elongations 
are: 

SIMPLE.  COMPOUND. 

Right  hand  cylinder 0600  inches.         .0495       inches. 

Left  hand  cylinder 0205       "  .0255  " 

It  will  be  noticed  that  the  elongation  in  the  right  hand  cylinder  as 
a  rule  is  the  most.     The  average  of  the  four  engines  is  as  follows: 

Right  hand 0545  inches. 

Left  hand 0230 

Another  singular  fact  was  developed,  viz:  that  the  extra  wear  was 
apt  to  be  quite  as  much  at  the  top  of  the  cylinder  as  at  the  bottom,  re- 
gardless of  kind  of  engine . 

To  provide  against  any  wear  of  this  kind,  the  piston  rods  have  on 
later  engines  been  lengthened  and  a  bearing  obtained  at  both  ends  of 
the  cylinder,  the  front  end  of  the  rod  running  into  a  pocket  prepared 
for  the  purpose. 

The  effect  of  this  seems  good  and  it  perhaps  would  do  as  well  ap- 
plied to  the  simple  engines. 

A  careful  examination  of  the  pins  was  made  to  ascertain  what  if 
any  difference  in  wear  was  to  be  found  there,  either  as  between  the  en- 
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gines  or  sides  of  the  engines,  and  no  measurable  difference  was  found; 
almost  absolutely  no  wear  was  discoverable. 

This  examination  into  the  wear  of  the  cylinders  is  not  extended 
enough  to  be  of  any  special  value,  except  as  an  indication  that  there  is 
probably  no  material  increase  because  of  the  increased  size  of  cylinder. 

We  believe  that  our  examinations  into  the  performance  of  these  en- 
gines confirm  the  impressions  formed  a  year  ago,  and  that  we  can  do 
no  better  than  to  repeat  with  emphasis  the  concluding  sentence  of  the 
former  paper,  viz: 

"It  seems  safe  to  conclude  that  the  compound  principle  as  developed 
in  these  engines  is  a  valuable  improvement  upon  the  simple  engines  and 
that  the  increased  economy  in  fuel  is  of  sufficient  magnitude  to  more 
than  overcome  any  possible  increased  repairs." 


DISCUSSION. 


Prof.  A.  T.  Woods: — I  did  not  come  in  with' the  intention  of  saying 
anything  on  this  subject,  but  to  hear  what  Mr.  Hudson  had  to  say.  I 
think  his  paper  simply  bears  out  what  has  been  found  in  almost  all 
cases  where  a  compound  has  been  given  a  fair  trial.  Mr.  Hudson's  fi- 
gures are  given, *as  I  understand,  on  a  car  mile  basis,  and  while  that 
will  answer  very  well  for  long  periods  of  time  such  as  he  gives  and 
will  give  a  general  result,  I  do  not  think  it  quite  fair  in  the  cases  he 
mentions  for  the  short  trials.  It  has  been  found  in  other  tests, 
those  for  instance  that  were  carried  out  on  the  Milwaukee  &  St. 
Paul  last  jrear,  that  if  the  results  are  figured  on  a  car-mileage  ba- 
sis, or  on  the  ton-mileage  basis  and  then  from  the  dynamometer  re- 
cords,— from  the  actual  pull  on  the  draw-bar, — there  is  a  great  diff- 
erence. The  weight  of  the  car  is  simpty  very  little  indication  of  its 
resistance,  as  shown  by  the  dynamometer.  That  may  very  possibly 
account  for  the  great  difference  which  he  finds  between  the  four  cyl- 
inder and  two  cylinder  engines  which  I  believe,  has  not  been  found  as 
a  rule  in  other  cases.  I  am  not  prepared  to  say  myself  from  anything 
I  have  read  or  seen  in  experiments,  that  it  is  clearly  demonstrated 
that  one  type  of  compound  is  superior  to  any  other. 

Mr.  A.  C.  Harding: — To  my  mind,  the  question  of  comparative 
economy  of  locomotive  engines  is  a  question  of  exhaust  nozzle.  I  can- 
not, off-hand,  produce  data  in  support  of  this  position.  I  am  fully 
satisfied  that  to  the  nozzle  a  large  per  cent,  of  the  compound's  econ- 
omy is  due. 

I  am  a  strong  believer  in  multiple  expansion,  but  from  high  press- 
use  experience  I  have'  had,  I  am  satisfied  that  if  you  should  take  an 
ordinary  locomotive  and  give  it  a  free  exhaust,  and  introduce  induced 
draft,  produced  by  a  fan  in  the  stack,  operated  by  an  independent  en- 
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gine,  you  would  secure  for  the  simple  locomotive  as  high  economy  as 
now  claimed  for  the  compound. 

Full  speed  cards  frequently  show  back  pressure  representing  a  loss 
of  150  I.  H.  P.,  90  per  cent,  of  this  loss  chargable  to  the  contracted  ex- 
haust required  to  produce  sufficient  draft.  A  blast  in  the  stack  is  the 
most  wasteful  known  method  of  moving  a  column  of  air.  A  fan  and  a 
10  H.P.  simple  engine  will  force  or  pull  more  air  through  grate  bars 
and  tubes  than  the  sharpest  locomotive  exhaust. 

I  am  satisfied  that  10  per  cent,  or  more,  lout  of  the  25  per  cent, 
economy  claimed  for  the  compound  over  the  simple,  is  due  to  the  fact 
that  you  put  on  a  large  exhaust  nozzle,  or  which  amounts  to  the  same 
thing,  pass  a  less  weight  of  steam  per  revolution  through  the  same 
size  nozzle. 
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II. 
DISCUSSION. 


Mr.  D.  W.  Mead:  Ihave  very  little  to  say  directly  concerning  cedar 
block  paving,  as  it  is  a  line  of  paving  with  which  I  am  not  particular- 
ly well  acquainted.  I  can  say,  however,  that  I  have  noticed  in  most 
of  the  cedar  block  pavements,  where  I  have  tried  to  keep  track  of  their 
wearing  qualities  from  the  time  they  were  first  put  down  till  the  signs 
of  decay  appear,  that  the  pavement  seems  to  go  to  pieces  first  from, 
the  decay  of  the  sap  wood.  I  noticed  in  the  Rockford  pavements, 
which  have  now  been  down  I  think  but  two  years,  in  positions  where 
there  would  be  no  perceptible  wear,  where  there  is  practically  no 
traffic,  in  close  proximity  to  the  curbing  and  in  places  where  nothing 
but  foot  passengers  passed  over  it,  a  ring  of  decayed  wood  (the  sap 
wood)  appear  around  each  one  of  the  blocks,  and  I  think,  as  Mr.  Ap- 
pleton  said,  that  it  is  undoubtedly  the  cause  of  the  breaking  up  of  the 
heart  wood  of  the  pavement.  The  center  part  of  the  paving  block,  the 
heart  wood,  loses  the  support  of  the  surrounding  blocks  on  account  of 
the  decay  of  the  small  rings  of  sap  wood  and  the  pavement  goes  to 
pieces. 

There  is  one  point,  however,  that  appeared  to  me  during  the  read- 
ing of  Mr.  Appleton's  paper,  in  connection  with  the  samples  of  blocks 
which  were  presented,  the  blocks  from  East  Saginaw,  and  the  blocks 
that  were  taken  from  the  Chicago  pavements — it  occurred  to  me  that 

*By  Thos.  Appleton,  Member  Western  Society  of  Engineers.  (See 
November  issue,  page  556.) 
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perhaps  a  portion  of  the  difference  in  the  apparent  wear  of  the  blocks 
was  due,  not  so  much  to  the  sapless  block,  as  to  the  soil  on  which  the 
blocks  were  laid.  I  am  not  at  all  familiar  with  East  Saginaw,  or  with 
the  formation  of  the  soil  at  that  point,  but  we  all  know  what  the  soil 
is  in  and  about  Chicago  and  my  own  impression  is  that  any  clay  sub- 
soil where  water  will  accumulate  more  or  less,  will  give  rise  to  rot  in 
the  block  and  cause  more  rapid  decay  than  in  a  sandy  soil.  I  have 
kept  watch  of  this  point  in  Rockford  to  some  extent,  but  the  pavements 
there  are  too  new  to  see  a,nj  marked  difference  as  yet.  On  the  east 
side  of  the  river,  at  Rockford,  the  soil  is  very  sandy,  I  believe,  about 
100  feet  of  sand  and  gravel  lies  below  the  surface,  while  on  the 
west  side  the  rocks  outcrop  in  places,  and  through  the  main  street  the 
clay  over-lies  the  rocks  and  the  drainage  is  much  more  imperfect  than 
on  the  east  side.  I  believe  that  there  will  be  a  marked  difference  in  the 
wearing  qualities  of  the  pavement  for  that  reason. 

There  is  another  point  of  which  I  would  like  to  speak  in  connection 
with  cedar  blocks  or  other  classes  of  pavement.  A  pavement  is  an 
engineering  structure,  and  being  an  engineering  structure,  it.  seems  to 
me  that  it  demands  just  as  much  study  and  just  as  much  thought  in 
its  design  as  a  larger  engineering  work.  A  bridge  engineer  would 
hardly  think  of  recommending  a  cantilever  bridge  without  examining 
the  locality,  because  another  style  of  bridge  might  be  cheaper,  and  bet- 
ter adapted  for  the  place.  In  any  other  engineering  work,  you  would 
hardly  decide  what  the  work  would  be  without  examining  what  the 
locality  requires;  but  we  find  with  pavements,  the  usual  method  is  to 
write  to  some  other  large  cities  and  find  what  they  have  done ,  and  without 
any  regard  to  local  resources,  adopt  those  specifications,  sometimes  con- 
taining clauses  which  are  simply  absurd  for  the  particular  locality  in 
which  they  are  to  be  used:  and  these  specifications  are  often  adopted 
without  any  regard  to  the  particular  needs  of  the  town  where  the 
pavement  is  to  be  laid.  I  know  of  a  city,  not  100  miles  from  Chicago, 
that  had  macadamized  streets  on  which  there  was  at  least  12  inches  of 
good  sound  macadam,  when  the  streets  were  paved,  the  macadam  was 
carted  from  the  street  and  hemlock  plank  imported  into  the  town  at 
considerable  expense  and  cedar  block  laid  on  the  hemlock  foundation. 
In  that  place,  even  if  it  had  been  necessary  to  obtain  new  broken  stone, 
the  work  with  the  stone  foundation  could  have  been  done  much  cheap- 
er, and  have  given  much  better  results  both  as  to  maintenance  and 
ultimate  life  of  the  pavement. 

Another  example, — not  in  the  line  of  cedar  blocks,  but  of  brick  pave- 
ments. Brick  pavement  was  first  introduced  into  this  state  at  Bloom- 
ington,  where  there  is  no  local  stone  and  stone  must  be  imported  at 
great  expense;  brick  is  the  cheapest  thing  they  could  have  for  the 
foundation,  therefore  they  spread  a  little   sand  or  cinders  on  their  sub- 
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grade  and  place  a  layer  of  brick  flatwise  and  put  another  course  of  sand 
and  another  of  brick  from  the  Bloomington  brick  yards.  This  plan  has 
been  widely  adopted  without  a  thought  of  what  could  be  done  in  differ- 
ent localities;  it  was  adopted  in  places  where  there  was  any  amount  of 
stone  and  needless  expense  has  been  involved  in  the  construction  of 
pavement.  Sometimes  paving  bricks  are  imported  at  large  expense, 
costing  $12  and  $14  a  thousand  and  used  over  8  or  10  inches  of  broken 
stone  as  a  foundation.  I  have  known  of  brick  being  put  in  as  the 
foundation,  that  is,  the  second  course  of  brick  laid  flatwise,  where  that 
work  costs  40  cents  a  square  yard,  and  where  it  was  entirely  needless. 
It  was  simply  so  much  money  thrown  away.  At  three  places  in  this 
neighborhood,  Clinton,  Iowa,  Davenport,  Iowa,  and  Rockford,  single 
course  pavement  has  been  tried.  In  Davenport  8  inches  of  broken 
stone  has  been  used,  at  Rockford  and  Clinton  6  inches;  along  the  Ohio 
River  6  inches  gravel  is  used,  in  Peoria  a  large  sized  brick  is  used  on 
six  inch  gravel;  all  of  these  making  good  substantial  foundations  for 
medium  traffic,  but  the  point  that  I  wish  to  make  as  strong  as  possible, 
is  that  the  local  resources  of  every  locality  should  be  canvassed  before 
the  style  of  a  pavement  is  decided  on,  and  before  the  construction  of  the 
pavement  is  decided  on,  both  as  to  the  quality  and  character  of  the  ma- 
terial from  which  the  surface  is  to  be  made,  and  as  to  the  character  of 
the  foundation,  for  I  believe  that  this  is  the  only  way  to  get  the  great- 
est economy,  and  I  speak  of  economy  not  entirely  in  a  financial  way, 
but  in  the  taking  into  consideration  all  the  demands  which  are  in- 
tended to  be  fulfilled  by  a  pavement. 

Now  one  word  more  in  regard  to  the  matter  of  special  assessment, 
which  was  also  touched  on  in  this  paper.  The  company  which  I  repre- 
sent is  doing  municipal  work  through  thisand  adjoining  states,  and  we 
had  considered  to  do  with  the  paper  issued  in  this  state  and  of  the 
states  adjoining.  The  members  of  our  State  legislature  in  their  wisdom 
have  seen  fit  to  try  to  secure  to  the  inhabitants  of  towns  and  villages 
all  the  privileges  possible  in  the  payment  of  assessments  for  this  class 
of  improvements,  and  the  provisions  have  been  so  extensive  that  they 
have  reacted  and  perhaps  worked  unnecessary  hardship  on  those  who 
have  to  pay  for  the  improvements.  The  paper  which  is  issued,  either  for 
payment  in  one  year,  or  for  payment  in  five  annual  installments,  is  pajr- 
able  at  any  time  the  property  owner  so  desires.  The  five  year  paper, 
for  instance,  may  be  paid  when  the  assessment  is  levied;  it  may  be 
paid  in  five  annual  installments,  or  it  may  be  paid  at  any  one  of  the 
dates  when  a  certain  amount  is  due,  or  at  any  time  between  these 
dates.  The  result  of  this  is  that  the  paper  is  very  undesirable  for  capi- 
talists to  handle,  because  if  they  invest  in  this  scrip,  unless  they  keep 
close  and  constant  watch  they  are  apt  to  find  certain  portions  of  it 
paid  in  and  their  money  not  paying  interest.     The  result  is  that  it  is 


582  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

almost  impossible  to  sell  the  paper  outside  of  the  city  or  town  where- 
in it  is  issued.  That  of  course  limits  the  market  very  much,  and  con- 
sequently the  price  of  the  paper  is  much  lower  than  it  should  be.  The 
paper  is  sold  in  places  as  high  as  98.  I  know  of  a  town  which  might 
be  regarded  as  a  suburb  of  Chicago  where  the  best  price  the  contract- 
ors could  get  for  paper  was  90.  Of  course  the  contractor  must  take 
this  into  consideration,  and  although  he  is  not  very  apt.  with  the  pres- 
ent competition,  to  add  20  or  30  per  cent,  as  was  suggested,  neverthe- 
less a  certain  amount  must  be  added.  I  do  not  believe  it  would  be  pos- 
sible under  the  present  laws,  for  a  city  to  issue  bonds  with  this  special 
assessment  scrip  as  a  basis.  I  think  a  law  allowing  bonds  to  be  issued 
would  be  very  desirable.  Such  a  law  is  in  force  in  Iowa,  and  we  have 
handled  considerable  of  the  Iowa  paper  and  we  have  taken  it  at  par, 
regarding  it  as  equivalent  to  cash.  The  cities  of  Iowa  issue  city  bonds 
for  any  assessment,  for  which  the  city  is  liable,  and  special  improve- 
ment bonds  which  are  issued  by  the  city  and  are  payable  from  the 
monies,  assessed  against  the  property  in  the  district  when  collected. 
The  paper  finds  ready  sale  and  is  about  as  good  as  cash.  The  only 
point  in  regard  to  that  class  of  paper  is  the  doubt  which  some  parties 
hold  as  to  whether  cities  who  issue  these  bonds  are  exceeding  the  limit 
of  the  indebtedness.  Many  cities  in  Iowa,  if  all  the  bonds  that  are  is- 
sued for  public  improvements  were  counted  against  them,  would  be 
far  in  excessof  their  limit.  However,  a  great  many  of  the  best  muni- 
cipal attorneys  hold  that  the  issuing  of  these  bonds,  inasmuch  as  a 
method  of  payment  is  provided,  is  not  within  the  meaning  of  the  stat- 
ute of  Limitations.  Although  the  bonds  are  perfectly  secure,  yet  some 
of  the  banking  firms  will  not  handle  them  until  it  has  gone  to  the 
Supreme  court  and  it  has  not  yet  been  thus  far.  If  a  law  to  the  same 
effect  was  passed  in  Illinois,  and  it  wyas  also  provided  that  these  in- 
stallments could  be  paid  only  at  the  date  of  maturity,  the  paper  would 
have  much  better  market  value  and  the  citizens  of  our  town  would 
get  the  benefit  of  that  provision. 

Mr.  O.  B.  Green: — Mr.  Williams,  from  your  long  experience,  would 
you  think  taking  the  sap  off  cedar  blocks  would  be  justified  here  in 
this  city. 

Mr.  Benezette  Williams: — I  have  had  no  experience  that  would 
warrant  me  in  expressing  an  opinion.  There  is  one  thing,  though, 
that  the  paper  and  discussion  has  suggested  to  me,  regarding  which  I 
would  like  to  hear  some  expression  from  those  who  have  given  special 
attention  to  it.  Taking  the  outlying  districts  and  suburban  places, 
what  would  be  the  relative  cost  of  a  pavement  of  this  character  as 
compared  with  a  brick  pavement  of  the  best  kind.  Mr.  Mead  and  Mr. 
Appleton  ought  to  be  able  to  give  u^  some  information,  I  think. 

Mr.  Mead: — I  hardly  think  that  I  could  give   information  on  that 
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subject,  as  the  varieties  of  brick  pavement  and  the  varieties  of  cedar 
block  are  almost  boundless  in  number,  and  as  I  have  tried  to  say  be- 
fore, every  town  should  figure  out  a  question  of  that  kind  itself  and 
take  into  consideration  the  resources  of  that  particular  town,  which 
would  modify  largely  the  cost  of  either  brick  or  cedar  block. 

Some  time  ago  I  had  to  look  up  the  question  of  brick  for 
some  of  the  Minnesota  cities,  and  the  rate  named  made  a  brick  pave- 
ment entirely  out  of  the  question.  The  rate  from  the  brick  kilns  to 
the  Minnesota  towns  cost  as  much  as  the  brick  themselves,  and  raised 
the  price  so  high  that  it  was  out  of  the  question  to  put  the  brick  in. 
Of  course  you  have  to  select  your  circumstances  and  your  locality  be- 
fore you  could  solve  the  question  of  that  kind,  then  it  would  be  a  mat- 
ter of  equating  those  points. 

Mr.  Williams: — The  first  object  would  be  to  know  what  the  life  of 
a  brick  pavement  would  be,  and  the  life  of  a  wooden  pavement  under 
like  conditions,  where  there  is  not  much  heavy  teaming. 

Me.  Appleton: — In  regard  to  the  life  of  cedar  block  pavement,  I 
know  that  in  East  Saginaw  cedar  block  paving  has  been  down  nine 
years;  it  was  pretty  bad  at  that  time,  that  is,  we  called  it  bad  in  East 
Sag'inaw — nine  years  old,  but  it  was  not  near  as  bad  as  the  wooden 
paving  blocks  right  in  the  heart  of  this  city,  but  it  was  bad  for  East 
Saginaw.  Washington  Street  in  that  city  was  paved  some  nine  years 
ago;  Franklin  Street  was  paved  11  years;  in  these  cases  the  trouble  was 
rot.  The  life  of  the  pavement  dependent  on  the  decay  of  the  block 
you  may  call  from  nine  to  ten  years  with  common  pavement. 
What  the  life  of  a  sapless  block  would  be  I  cannot  say.  Here 
is  a  sapless  block  in  use  for  six  years  and  it  looks  as  though  it  was  good 
for  another  six  years  at  least.  It  has  not  suffered, — the  block  is  hard . 
I  do  not  know  whether  it  would  last  36  years  or  not.  Saginaw  pave- 
ments rot  out. 

Under  a  heavy  traffic  it  would  wear  out,  whether  sap-wood  or  not. 
Take  it  in  Chicago,  the  travel  would  wear  the  block  off,  so  that  decay 
would  not  cut  much  of  a  figure.  What  I  advocated  in  my  paper  was 
this  kind  of  block  for  light  traffic  streets  where  decay  did  cut  a  big 
figure,  but  in  heavy  traffic  streets  the  block  would  be  worn  short  and 
go  to  pieces. 

Mr.  Green: — Then  the  implication  is  that  you  would  not  favor  it 
for  heavy  traffic. 

Mr.  Appleton: — There  are  degrees;  I  do  not  know  what  you  would 
call  heavy.  I  said  in  my  paper  that  where  the  traffic  was  heavy  enough 
to  seem  to  warrant  8  inck  blocks,  I  would  not  use  cedar  blocks  at  all, 
I  would  use  asphalt  or  stone  or  brick. 

Mr.  Williams: — Does  any  one  know  the  life  of  brick  pavement? 
That  would  be  interesting  to  learn. 
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Mr.  Mead: — I  do  not  want  to  take  up  too  much  time,  but  in  re- 
gard to  the  life  of  brick  paving  I  would  say  that  I  know  of  brick  pave- 
ment in  Bloomington  that  has  been  in  about  18  years.  Brick  at  that  place 
are  made  out  of  common  drift  clays,  and  are  softer  and  more  porous 
than  the  regular  paving  brick,  and  although  they  are  worn  much  in 
places,  the  pavement  is  a  gx>od  pavement  yet,  and  needs  very  little  re- 
pair. I  have  seen  brick  at  Wheeling,  Virginia,  that  have  been  in  use 
for  9  and  12  and  in  one  case  I  think  16  years.  I  saw  them  at  that  place 
about  two  years  ago;  they  were  all  in  good  condition,  none  of  them 
needing  repairs  of  any  kind. 

Brick  pavement  at  Bloomington  is  laid  on  the  principal  streets. 
The  pavements  that  I  saw  at  Wheeling  are  on  what  you  might  call 
secondary  streets;  they  are  streets  with  more  or  less  business,  not  resi- 
dence streets,  but  not  heavy  traffic. 

Mr.  Green: — You  would  call  Bloomington  rural  wear? 

Mr.  Mead: — Yes,  I  suppose  in  comparison  with  the  heart  of  Chi- 
cago, but  the  wear  that  the  pavements  get  in  Bloomington  would  be 
much  greater  than  the  wear  on  the  residence  streets  in  Chicago,  I 
should  judge.  The  brick  in  Clinton,  Davenport,  and  almost  any  num- 
ber of  cities  that  you  might  name  in  western  Illinois  and  eastern  Iowa, 
have  been  down  from  times  varying'  from  one  to  seven  years.  The 
brick  at  Galesburg-  has  been  laid  for  seven  years;  these  brick  are  a  pav- 
ing brick:  they  are  made  from  the  shale  clays  and  they  are  dense,  hard, 
impervious  and  will  stand  a  great  deal  of  wear  without  disintegration. 
The  great  trouble  is  in  the  proper  selection  of  the  brick.  The  pave- 
ments that  have  gone  to  pieces  have  gone  on  account  of  being  made  of 
soft  brick  and  through  the  action  of  frost  more  than  the  action  of  traf- 
fic. The  brick  when  properly  laid  is  level  and  the  traffic  that  passes 
over  it  will  not  hammer  it  as  traffic  hammers  a  granite  pavement, — 
the  brick  being  even  and  kept  in  that  position,  there  is  not  the  wear 
and  constant  jolt  that  there  is  on  the  granite,  and  the  pavement  does 
not  get  the  chance  to  wear  out  as  on  an  uneven  pavement.  Of  course, 
if  the  brick  begins  to  settle,  then  you  will  see  the  edges  of  the  brick 
give  way,  but  if  the  brick  is  kept  in  proper  position,  they  will  last  a 
great  many  years  without  appreciable  wear.  At  Clinton  the  brick  get 
heavy  traffic  from  the  lumber  mills, — the  traffic  is  heavier  there  than 
you  get  on  the  suburban  or  resident  streets  of  Chicago,  although-  not 
equal  to  what  you  get  in  the  heart  of  the  city. 

Mr.  APPLETON: — I  would  like  to  hear  from  Mr.  Chanute  as  to  what 
he  would  say  in  regard  to  my  recommendation  in  i*egard  to  preserving 
the  foundation. 

Mr.  Chanute : — I  had  hoped  that  the  discussion  would  dwell  upon 
the  merits  of  this  very  interesting  paper,  rather  than  upon  the  inciden- 
tal recommendation  which  Mr.   Appleton  has  made  for  the  preserva- 
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tion  of  the  wood.  The  wood  can  be  preserved  effectually  by  creosote: 
that  is  the  best  but  also  the  most  expensive  method.  It  can  be  pre- 
served nearly  as  well  at  about  one-third  of  the  cost  by  the  burnetizing 
or  zinc  process  which  he  has  recommended  in  his  paper,  and  whether 
this  should  be  used  will  depend  upon  the  question  of  wear.  Some  years 
ago  the  surface  of  the  bridge  at  St.  Louis  was  laid  with  preserved 
wooden  blocks  as  an  experiment  by  Mr.  Shaler  Smith.  These  were  made 
of  gum  wood,  which,  as  you  know,  is  perishable  wood,  rotting  fre- 
quently within  8  months.  Those  blocks  were  prepared  by  the  zinc 
process  and  laid  on  the  bridge — they  were  five  inches  thick,  and  when 
I  examined  them  seven  years  afterwards, — they  were  quite  sound,  al- 
though they  had  been  watered  twice  a  day  with  a  watering  cart;  but 
as  they  had  to  bear  a  great  deal  of  traffic,  they  were  worn  down  to  a 
thickness  of  2£  inches,  so  that  in  renewing  them  the  bridge  trustees 
re-laid  the  pavement  with  untreated  cypress.  In  that  case  the  pave- 
ment wore  out,  not  from  decay,  but  purely  from  the  traffic  and  it  was 
not  therefore  worth  while  to  spend  any  money  to  preserve  it.  In  the 
case  of  the  sub-plank,  which  has  been  proposed  by  Mr.  Appleton,  I 
should  think  that  the  process  would  do  excellently  well.  His  paper  is, 
I  think,  a  very  interesting  and  very  important  one,  as  pointing  out  one 
probable  cause  of  the  defect  and  the  disfavor  into  which  cedar  block 
pavement  has  fallen,  and  I  hope  that  in  preparing  it  for  the  press,  Mr. 
Appleton  will  add  a  comparative  table,  showing  the  cost,  say  in  Chi- 
cago, of  the  various  kinds  of  pavement,  so  as  to  furnish  engineers  who 
may  read  it  more  complete  data  as  to  the  economy  to  be  expected  from 
what  appears  to  be  a  valuable  improvement  in  cedar  block  pavements. 

Me.  Green: — I  should  like  to  get  the  average  of  the  life  of  wood 
pavement  here  in  Chicago.  I  fancy  it  is  about  ten  years,  say,  nine,  in 
good  order,  I  mean  as  a  good  road;  for  instance,  on  north  LaSalle  Street 
where  there  is  a  good  deal  of  travel.  It  was  put  down  in  '81, — at  the 
end  of  nine  years  it  was  a  very  fair  driving  street,  but  it  has  perished 
fast  since  and  it  is  getting  pretty  rough.  The  south  entrance  to  Wells 
Street  bridge,  then  a  very  busy  street,  stood  ten  years.  Now  if  we  can 
get  pavements  that  will  last  as  long  as  that,  I  do  not  see  but  what  the 
wooden  pavement  is  the  pavement  for  Chicago.  I  cannot  see  why  so 
intelligent  a  people  as  the  English  should  lay  the  approach  to  London 
Bridge,  the  greatest  thoroughfare  in  the  world,  with  Florida  pine, — and 
I  think  they  are  laying  it  in  Paris,  also, — unless  they  think  it  tbe  best. 

Mr.  Chanute: — The  most  luxurious  pavements  in  Paris  are  laid  of 
wood,  but  it  is  selected  wood,  cut  with  great  care,  entirely  free  from 
sap,  and  creosoted. 

Mr.  Green: — "We  might  put  a  little  more  money  into  them;  make 
the  road  of  6  inches  of  concrete,  call  the  blocks  the  carpet,  and  renew 
the  carpet  whenever  it  is  ragged. 
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Mr.  Chanute: — That  has  been  tried  in  Missouri  and  it  is  unsatis- 
factory because  the  concrete  has  been  broken  into  to  so  often  to  repair 
pipes. 

Mr.  Green: — It  would  damage  a  bridge  if  j^ou  undermined  the 
foundation.  I  saw  it  broken  in  London  one  day  and  I  spoke  to  the  con- 
tractor about  it;  he  said  the  tariff  that  they  put  on  a  man  for  breaking 
into  that  foundation  is  enough  to  break  the  man,  and  the  result  is  that 
in  London,  you  rarely  see  the  pavement  broken.  That  was  the  por- 
tion of  Mr.  Appleton's  paper  was  evidently  intended  for  the  rural  dis- 
tricts. 

I  would  like  to  see  a  good  wooden  pavement  around  the 
courthouse,  then  we  would  not  have  to  use  tanbark  so  that  our 
judges  could  hear  the  testimony  against  boodlers.  I  am  free  to 
confess  that  1  am  a  wooden  pavement  man,  first,  last  and  all  the  time, 
and  I  came  here  to  be  braced  up. 

Mr.  Robt.  P.  Brown: — Mr.  Appleton  speaks  of  using  inch  boards 
for  foundation,  I  do  not  believe  in  one  inch  boards  for  foundation  from 
experience  in  streets  that  I  have  torn  up  here,  it  gives  way  and  the 
pavement  wears  out  so  much  the  quicker. 

As  to  these  old  blocks,  they  were  cull  blocks  and  should  never  have 
been  laidanj'  where,  but  they  were  laid  as  being  better  than  nothing, 
in  that  sidewalk  which  had  always  been  a  disgTace  to  the  city.  The 
traffic  across  it  was  confined  to  a  gateway. 

The  paving  had  practically  no  fall  and  what  water  gets  on  it  seeps 
through  and  stays  in  the  mud   under  it. 

So  we  do  not  know  "the  condition  of  this  block  when  it  was  laid  nor 
the  usage  of  it.  These  blocks  were  only  taken  up  in  order  to  place 
the  foundation.  I  can  show  many  better  blocks  than  these  from  resi- 
dence streets  which  have  been  down  13  years. 

Cedar  paving  is  made  to  last  in  Chicago  twelve  or  thirteen  years 
on  residence  streets  which  have  a  through  traffic,  I  have  not  torn  up 
any  on  short  side  streets.     It  cost  in  those  da ys  about  $1.20  per  yd. 

On  business  streets  with  car  tracks  it  will  last  about  six  years,  but 
we  get  very  heavy  teaming  on  our  streets. 

We  are  now  getting  our  paving  for  an  average  of  about  95c.  per 
yard. 

The  reason  we  do  not  have  better  streets  in  Chicago  is  because  the 
people  are  assessed  each  time  the  full  cost  of  the  work,  naturally  the 
majority  refuse  to  pay  for  paving  until  the  street  is  a  perfect  dis- 
grace. 

Cedar  block  laid  under  our  plan  should  not  be  laid  down  town.  We 
should  do  it  better  then  it  would  last  longer.  Around  the  Grand  Cen- 
tral Depot  on  Harrison  street  there  was  put  8  inches  of  macadam,  in 
this  was  bedded  2X8  stringers:  on  this  was  laid  3"  surfaced  pine  plank; 
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on  this  the  blocks  2X5X5  deep,  every  fourth  row  nailed.  This  pave- 
ment will  last  but  it  cost  $2.80  per  yd. 

I  will  say  that  our  cedar  block  paving  in  Chicago  is  not  done  good 
enough  for  the  traffic  and  the  value  of  the  property  but  I  think  it  plen- 
ty good  enough  for  country  towns  where  the  paving  will  rot  out  before 
it  wears  out.  It  will  not  rot  cut  in  ten  years  and  when  property  is 
held  by  the  100  foot  frontage  when  one  pays  90c.  a  yard  it  is  enough 
but  here  with  property  worth  $300.00  a  foot  and  a  heavy  traffic  people 
should  have  a  better  paving  or  pave  oftener. 

I  sometimes  hear  it  said  that  Cedar  block  paving  smells  but  I  never 
heard  it  said  except  a,t  the  instigation  of  a  contractor  for  other  paving. 
There  is  no  smell  from  the  paving  as  it  lies  in  the  street  and  I  have 
found  none  about  the  old  blocks,  but  there  is  generally  a  taint  of  sew- 
er and  gas  about  any  hole  dug  in  a  street  whether  the  pavement  is 
granite  or  cedar. 

A  Member: — In  England  it  is  better  than  here.  There  the  contract- 
or has  to  keep  the  pavement  in  repair  for  ten  or  twelve  years,  and  if 
a  break  is  discovered  any  where,  it  must  be  immediately  repaired.  In 
that  way  they  claim  the  pavement  lasts  much  longer  than  in  Chicago. 
There  is  one  point  I  would  like  to  ask  about — where  you  have  a  sandy 
soil,  if  you  put  down  six  inches  of  crushed  stone,  and  I  understand  the 
policy  is  to  cover  the  surface  of  stone  so  as  to  fill  all  the  interstices 
with  sand,  how  much  sand  do  you  put  on  before  you  lay  your  blocks  on? 

Mr.  Appleton: — I  would  say  that  would  depend  on  the  care  with 
which  the  grade  was  prepared.  If  you  had  a  very  nice  surface  on  your 
road  of  crushed  stone,  you  would  not  need  much  sand,  but  if  it  was 
uneven,  you  must  put  on  sand  enough  so  that  you  can  get  a  good  sur- 
face on  the  pavement. 

Mr.  Hilgard: — I  know  of  specifications  where  they  specified  put- 
ting down  2i  inches  of  sand.  It  looks  to  me  as  if,  on  a  good  sandy  soil, 
that  money  spent  in  crushed  stone  is  money  thrown  away.  I  would 
like  to  mention  that  it  seems  to  me  that  certainly  a  discrimination 
should  be  made  in  paving  various  localities  as  to  the  heaviness  of  the 
traffic.  I  have  seen  pavings  being  laid  down  in  Paris,  with  a  con- 
crete foundation,  25  centimeters  thick — about  equal  to  12  inches, 
and  it  has  stood  traffic  perfectly,  but  the  blocks  were  selected  of 
extra  good  quality  of  timber,  without  sap  and  were  creosoted,  but  I 
think  principally  the  soliditj7  of  the  foundation  gave  the  pavement  such 
excellent  wearing  qualities.  I  am  surprised  to  hear  that  around  the 
City  Hall  here  such  cheap  wood  pavement  should  be  used,  as  would 
be  laid  further  out.  I  think  it  would  seem  warranted  to  put  down 
very  solid  foundation  in  such  places,  as  near  the  City  Hall;  then  it 
goes  without  saying  that  in  such  places  more  money  should  be  spent 
than  in  suburban  districts. 
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Mr.  D.  W.  Mead. 

At  the  October  meeting  of  the  Society  in  the  discussion  of  Mr.  Ap- 
pleton's  valuable  paper  on  Cedar  Block  Paving-  it  was  suggested  that 
an  estimate  of  the  comparative  values  of  various  pavements  for  locali- 
ties in  and  about  Chicago  would  be  of  interest.  In  furtherance  of  this 
suggestion  the  following  notes  on  the  various  kinds  of  pavement  are 
offered. 

There  are  several  qualities  which  must  be  considered  when  discuss- 
ing the  kind  of  pavement  for  a  street.  The  importance  of  these  quali- 
ties vary  largely  in  different  localities,  with  the  class  of  traffic,  use  of 
property  fronting  on  the  street,  etc. 

The  rank  or  relative  importance  to  be  given  to  the  different 
qualities  must  be  determined  for  each  particular  case.  Those  quali- 
ties  may   be   considered   under  the  heads  of: 

1.  First  Cost. 

2.  Cost  of  Maintenance. 

3.  Facility    of    Repairs. 

4.  Durability    under  Traffic. 

5.  Freedom  from  Noise. 

6.  Freedom   from   Dust. 

7.  Freedom   from   Decay. 

8.  Freedom  from   xYbsorption. 

9.  Foot  hold  for  Horses. 
10.     Ease  of  Traction. 

Some  of  those  qualities  overlap  but  they  are  all  more  or  less 
independent  of  each  other. 

1.     First  Cost  and  2.     Cost  of  Maintenance. 

In  the  following  table  the  writer  has  given  an  approximate  esti- 
mate, for  Chicago  and  its  suburbs  of  the  first  cost  of  various  pave- 
ments; the  cost  of  their  .renewal  when  worn  out;  their  approximate 
wear  under  light,  medium  and  heavy  traffic  and  also  the  approximate 
cost  per  year  for  a  term  of  fifty  years  under  these  conditions. 

In  the  last  item,  the  first  cost  of  the  pavement,  the  cost  of  renewals 
and  the  interest  of  6%  on  these  amounts  for  the  term  of  years  invested 
is  taken  into  consideration. 

This  table  is  partially  based  on  certain  experiments  made  in  St, 
Louis,  Mo.,  and  by  Prof.  I.  O.  Baker  of  the  Illinois  State  University, 
as  given  in  his  pamphlet  on  Paving  Brick,  and  is  substantiated  by  the 
writer's  own  experience  and  observation.  The  writer  is  more  familiar 
with  brick  and  cedar  block  paving  and  less  so  with  granite,  cobblestone 
and  asphalt.  He  believes  however  that  all  estimates  are  conservative 
and  within  a  safe  margin  of  the  actual  cost  and  length  of  service,  pro- 
vided the  work  is  properly  done  with  first  class  material  and  properly 
repaired  when  taken  up  for  laying  or  repairing  pipes  etc. 


CEDAR    BLOCK    PAVING. 


589 


When  a  pavement  is  considered  entirely  unfit,  or  unnecessarily  ex- 
pensive for  any  class  of  traffic  no  estimate  is  given. 
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3.  Facility  of  repairs — is  a  matter  of  considerable  importance  to  all 
cities;  for  the  pavements  are  continually  being  torn  up  for  laying  and 
repairing  the  various  pipe  conduits  etc.,  which  are  laid  beneath  their 
surface.  Any  pavement  is  injured  by  repeated  and  careless  disturb- 
ance and  frequently  this  is  the  principal  cause  that  hastens  their  des- 
truction. 

Cedar  pavements  on  plank  foundations  are  seriously  injured  when 
trenches  are  cut  through  them.  For  their  homogeneous  bed  on  which 
depends  their  even  surface  and  the  equilization  of  pressure  on  their 
foundations  is  practically  destroyed.  The  plank  being  cut  off  in  sec- 
tions as  long  as  the  width  of  the  trench,  when  replaced,  has  long  un- 
broken joints  which  are  lines  of  weakness.  Along  these  lines  the  pave- 
ment will  settle  and  become  uneven  which  produces  rapid  wear. 
It  is  true  some  cities  require  a  whole  section  of  pavement  to  be  taken 
up  when  it  is  necessary  to  disturb  it  at  all,  thus  avoiding  the  cutting 
of  the  plank  foundation.  This  is  very  rare  however,  for  in  most 
cases  the  foundation  plank  are  cut  as  above  described.  Brick, 
granite  or  cedar  pavements  on  fragmentary  foundations  (that  is, 
foundations  of  broken  stone,  sand  or  gravel)  are  much  more  easily 
repaired.  In  these  cases  homogeneity  exists  in  the  foundation  by  con-, 
tact  under  compression  and  not  by  a  continuity  in  the  foundation  ma- 
terial itself.  Consequently  a  disturbance  is  not  a  permanent  destruc- 
tion to  its  homogeneity  as  in  the  case  of  the  plank  foundation.  For  in 
these  cases  by  proper  ramming  the  foundation  can  be  made,  almost 
or  quite  as  if  undisturbed  and  no  marked  lines  of  weakness  result. 

With  concrete  foundations  lines  of  weakness  are  avoided  when  re- 
repairs  are  made  bjr  the  union  of  new  and  old  material  in  oqe  homo- 
geneous mass  by  the  cement. 

Brick  being  uniform  in  size  are  more  easily  replaced  than  granite 
and  at  a  consequent  less  expense. 

Asphalt  pavements  necessitate  a  somewhat  expensive  plant  and  ex- 
pert help  for  its  proper  repairs  which  places  this  pavement  at  a  disad- 
vantage. 

4.  Durability  under  traffic — results  from  the  resistance  of  the  ma- 
terial to: 

A.  Crushing  by  the  wheel  load. 

B.  Abrasion  by  shoes  of  horses  and  friction  of  wheels. 

C.  Impact  due  to  passage  of  loads  over  a  rough  surface. 

A.   Crushing — Granite  will  crush  under  load  of  from   13,000   to  22,000 

lbs  per  sq.  inch. 

Paving  Brick  10,000  to  18,000  lbs.  per  sq.  inch. 

Ceaar  5,000  to    6,000     "      "    "      " 

Asphalt  Concrete.  (?) 

From  this  it  will  be   seen  that  although   the   compressive  strength 
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of  Granite  is  on  an  average  greater  than  that  of  Paving  Brick  yet  the 
brick  is  sufficiently  strong  to  afford  a  large  factor  of  safety  over  the 
maximum  load  to  which  it  will  be  subjected  as  a  pavement. 

Cedar  and  asphalt  on"  the  other  hand  have  a  much  less  compressive 
strength  and  will  be  rapidly  injured  and  destroyed  under  the  heaviest 
traffic. 

B.  Abrasive  (by  rattler  test  11  hours  duration.) 
Granite  lost  from  i  to  3£  per  cent.  (I.  O.  Baker.) 
Paving  brick         2*  to  5      "      "      (I.  O.  Baker.) 
Cedar  probably  less  than  either  (no  tests.) 
Asphaltum  Concrete  almost  destroyed  (St.  Louis  test.) 

From  this  it  will  be  seen  that  granite  again  outranks  brick  and  it  is 
probable  that  cedar  if  tested  in  the  same  manner  would  show  a  smaller 
loss  than  either. 

Asphaitum  concrete  although  almost  destroyed  in  the  St.  Louis 
test  is  yet  sufficiently  tough  to  withstand  (when homogeneous  and 
continuous)  the  impact  and  abrasion  of  the  horses  shoes. 

The  rattler  test  for  abrasion  furnishes,  however,  hardly  a  fair  com- 
parison for  materials  having  such  different  physical  qualities  as  Gran- 
ite or  Brick  and  Cedar  or  Asphaltum. 

C.  Impact  is  most  important  in  rough  pavement. 

A  loaded  wheel  rising  on  an  irregularity  in  the  surface  falls  as  it 
passes  over  it  producing  an  effect  in  proportion  to  the  weight  on  the 
wheel  and  the  height  of  the  fall. 

This  is  the  principal  cause  of  wear  in  granite  and  cobble  stone  pave- 
ments and  although  granite  exceeds  brick  in  crushing  and  abrasive 
strength  its  roughness  makes  it  average  little  if  any  better  than  brick 
in  durability. 

The  smoothness  of  asphalt  gives  it  considerable  durability  under 
traffic  in  spite  of  its  inferior  crushing  and  abrasive  strength.  But 
when  once  broken  unless  promptly  repaired  it  will  rapidly  go  to  pieces 
under  the  impact  caused  by  the  surface  irregularity. 

Any  depression  or  irregularity  in  a  paved  surface  of  any  kind  will 
produce  a  local  failure  through  this  cause,  if  not  promptly  remedied. 

5.  Freedom  from  noise. 

Freedom  from  noise  is  of  more  importance  than  is  commonly  con- 
ceded. There  is  no  doubt  but  that  the  continued  noise  of  traffic  gives 
rise  to  certain  nervous  diseases  and  it  is  certainly  often  a  great  disad- 
vantage. So  much  so  that  it  is  frequently  necessary  in  cases  of  sickness 
to  spread  bark,  sawdust  or  straw  over  the  pavements.  And  I  believe 
the  courts  of  this  city  are  sometimes  obliged  to  have  tan  bark  spread 
over  the  neighboring  pavements  in  order  to  hear  testimony  and  tran- 
sact business. 

The  noise  of  a  pavement  increases  with  its  roughness,  and  to  a  limit- 
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ed  extent  with  its  hardness  although  this  last  item  is  comparatively 
insignificant. 

Cedar  when  smoothly  laid  is  the  least  noisy  pavement  except  ma- 
cadam, asphalt  smooth  but  harder  causes  a  noise  from  the  horses  shoes 
but  otherwise  is  a  quiet  pavement. 

The  same  may  be  said  of  brick  which  is  only  slightly  more  noisy 
than  cedar  and  asphalt. 

As  for  granite  the  rattle  and  roar  of  Chicago's  streets  is  familiar  to 
all,  there  is  only  one  pavement  more  noisy  and  that  is  cobble  stone. 

6.  Freedom  from  dust. 

The  dust  of  a  pavement  is  due  first  to  the  disintegration  of  the  pav- 
ing material  itself  and  second  to  the  retention  of  street  litter  by  irreg- 
ularities in  the  pavement,  which  prevents  its  proper  sweeping  and 
cleaning. 

Asphalt  with  its  smooth  continuous  surface  ranks  first  in  this  re- 
gard. Brick,  almost  as  smooth  and  with  close  and  well  filled  joints, 
ranks  next. 

Granite  produces  little  dust  from  its  own  disintegration  but  its 
rough  surface  gives  lodgement  to  dust  from  other  sources. 

The  same  is  true  of  cobble  stone  to  even  a  greater  extent.  Cedar 
in  its  wear  gives  off  a  light  and  very  penetrating  dust. 

7.  Freedom  from  decaj7. 

Brick  is  made  of  the  most  lasting  material,  its  elements  have 
reached  their  most  stable  form.  Granite,  although  it  may  be  disinte- 
grated in  time,  is  eternal  as  far  as|atmosphenc  changes  are  concerned 
when  compared  with  the  life  of  the  pavement  as  limited  by  other  qual- 
ifications. 

Asphait  will  rot  out  unless  kept  clean;  this  usually  occurs  in  the  gut- 
ters and  is  not  accompanied  as  far  as  the  writer  knows  by  unsanitary 
conditions. 

Cedar  like  all  wood  is  liable  to  decay;  this  element  is  an  important 
one  in  the  life  of  a  cedar  pavement  and  under  light  traffic  is  the  most 
effective  in  its  destruction.  Its  decay  giving  rise  to  noxious  gases  pro- 
duce unsanitar\T  conditions  which  are  at  least  undesirable  and  under 
some  conditions  may  be  dangerous. 

It  may  be  here  mentioned  that  after  the  epidemic  of  yellow  fever 
in  Memphis,  Tenn.,  in  1876,  one  of  the  recommendations  of  the  Nation- 
al Board  of  Health  for  the  sanitary  improvement  of  the  city  was  that 
all  wood  paving  should  be  taken  up  and  carted  out  of  the  city.  And 
on  this  recommendation  several  miles  of  wood  pavement  were  so  re- 
moved. 

8.  Freedom  from  absorption. — The  surface  of  a  pavement  should  be 
impervious  to  liquid  filth,  so  that  the  subsoil  may  be  pure  and  the  pave- 
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nient  itself  in  good  sanitary  condition.  In  this  regard  asphalt  ranks 
first  as  it  is  practically  impervious  and  it  is  a  continuous  sheet.  Pav- 
ing brick  absorbs  only  froni  0  to  4  percent,  of  their  weight  and  become, 
within  a  few  weeks  after  they  are  laid,  as  impervious  to  the  seapage 
of  water  through  their  joints  as  asphalt.  Granite  is  in  itself  imper- 
vious or  practically  so  but  its  irregularities  of  surface  are  apt  to  retain 
liquid  impurities  long  enough  to  allow  of  some  absorption  through  its 
joints.  Cedar  will  readily  absorb  liquid  filth  and  exhale  it  again  in 
dry  weather  and  its  shrinkage  from  dryness  or  cold  often  opens  seams 
which  allow  liquids  to  reach  its  foundation. 

9.  Foot  hold  for,  horses — The  rougher  pavements  have  here  the 
advantages.  Small  cobble  stone,  undoubtedly  furnish  the  best  foot  hold 
for  horses  and  small  granite  blocks  may  be  ranked  next. 

The  many  joints  in  a  brick  pavement  offer  facilities  in  this  regard 
without  the  roughness  of  cobble  stone  and  granite. 

10.  Ease  of  traction — The  following-  table  derived  mostly  from  the 
experiments  of  different  authorities  whose  names  are  given  therein, 
gives  a  comparative  statement  of  this  point. 


Resistance  to  Traction  of  Different  Classes  of  Road  Surfaces. 
(  Horse  moving  at  a  pace.  ) 


Character  of  Surface. 


Resistance  in  terms  of  Load, 


Sand 

Common  Gravel . .  . 
Hard  Polled  Gravel 

Cobble  Stone 

Good  Macadam .... 

Granite    Block 

Plank  Roadway... 
New  Cedar  Block.  . 
Old  Cedar  Block.  .. 

Good  Brick 

Good  Asphalt 

Iron  Tramway 


1—5 

1—15 

1—30 

1—16 
-30  to  1—54 
-20  to  1—60 
-40  to  1—67 
-50  to  1—80 
-20  to  1—50 
-80  to  1—120 

1—133 

1—200 


Authority. 


Be  van. 

Mac  Neil. 

Minard. 

Morin. 

Morin. 

Mac  Neil. 

Morin. 


Gordon. 
Gordon. 


In  the  following  table  the  writer  has  tabulated  these  qualities  and 
classified  the  different  paving  materials  according  to  his  idea  of  their 
relative  rank . 
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Of  foundations — Plank  or  boards  is  (in  Chicago)  the  cheapest  and 
poorest  of  foundations,  especially  so  in  clay  soil  where  the  water  can- 
not rapidly  drain  away. 

For  light  traffic  the  fragmentary  materials  (rubble,  gravel,  sand,  etc.) 
or  sand  with  a  layer  of  brick  laid  on  their  side,  or  six  inches  of  con- 
crete make  good  foundations,  the  selection  depending  on  the  local  re- 
sources . 

For  medium  traffic  nine  inches  of  stone  or  gravel  or  stone,  with  a 
layer  of  brick  laid  on  their  side,  bedded  in  sand,  or  six  inches  of  con- 
crete will  give  good  results. 

For  heavy  traffic  the  stone  or  gravel  should  be  at  least  a  foot  in 
thickness  or  the  concrete  at  least  nine  inches. 

All  sub-foundations  which  are  retentive  of  water  should  be  properly 
and  thoroughly  drained. 

In  regard  to  use  of  wooden  pavements  in  Europe,  Messrs.  Q.  A.  Gill- 
man,  F.  V.  Green  and  E.  P.  North,  all  noted  experts  on  paving,  in 
their  report  to  the  Mayor  of  Philadelphia  in  1884  write,  "We  are  aware 
that  at  the  present  time  large  amounts  of  wooden  pavements  are  being 
laid  in  London  and  Paris.  As  laid  in  those  cities  upon  a  foundation  of 
concrete  of  Portland  cement  and  of  blocks  of  seasoned  wood  especially 
treated  with  preserving  compound — they  undoubtedly  make  a  more 
durable  road  covering  than  the  wooden  pavements  which  proved  so 
signal  a  failure  in  this  country  several  years  ago.  But  according  to 
information  received  very  recently  from  the  French  Engineers,  it  is  ex- 
pected to  renew  the  wood  every  four  or  six  years,  depending  on  the 
amount  of  travel.  The  first  cost  of  the  pavements  now  being  laid  in 
Paris  is  equivalent  to  about  four  dollars  per  yard,  and  the  contract 
price  for  repairs  and  maintenance  is  forty-nine  cents  per  yard  per  an- 
num, the  contract  being  made  for  eighteen  years.  This  brings  the  to- 
tal cost  during  eighteen  years  to  twelve  dollars  and  eighty-two  cents, 
which  is  about  three  times  the  cost,  during  the  same  period,  of  the 
pavement  which  we  recommend ." 

Those  gentlemen  recommended  granite,  sheet  asphalt  and  asphalt 
blocks  for  different  grades  of  streets.  As  brick  was  at  that  time  al- 
most unknown  it  was  not  mentioned  in  the  report.  But  it  is  worthy 
of  note  that  Philadelphia  is  now  laying  considerable  brick  paving. 

Mr.  Thos.  Appleton. 

The  discussion  of  my  paper  on  Cedar  Block  Paving  has  drifted 
away  somewhat  from  the  original  subject  and  Brick  Paving  has  be- 
come quite  prominent  in  the  debate.  Mr.  Mead  submits  an  estimate 
of  cost  of  various  kinds  of  pavements,  including  first  cost  maintenance 
and  renewals  for  a  term  of  fifty  years.  He  gives  figures  for  Common 
Cedar  Blocks  with  vai'ious  kinds  of  foundations,  Brick  laid  in  several 
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different  ways,  Sheet  Asphalt,  Granite,  Cobble  stones,  and  MacAdam. 
There  are  several  other  kinds  of  stone  which  are  extensively  used  for 
paving  blocks  but  are  not  mentioned  in  his  table.  Medina  Sandstone, 
Colorado  Sandstone,  and  Sioux  Falls  Jasper,  are  used  in  this  vicinity 
and  are  superior  to  Granite.  Limestone,  which  is  not  a  good  stone  for 
paving  but  has  been  used  in  many  places,  is  also  omitted  from  his 
table. 

Estimates  of  cost  ai*e  at  best  only  comparative .  Local  conditions 
may  make  great  differences  in  cost.  In  one  case  the  paving  materials 
may  have  to  be  hauled  in  wagons  three  or  four  miles,  while  in  another 
case  the  work  may  be  within  a  quarter  of  a  mile  of  the  yard,  so  that 
even  in  the  same  city  the  cost  of  the  same  kind  of  paving  may  vary 
through  a  wide  range.  The  cost  per  year  for  a  term  of  fifty  years  as 
given  in  Mr.  Mead's  table  is  based  upon  certain  assumed  terms  of  wear 
under  different  classes  of  traffic,  and  it  is  unneccessary  to  say  that 
with  different  terms  of  wear  very  different  results  could  be  reached. 
With  what  he  calls  "Light  Traffic"  he  gives  a  life  of  10  to  12  years  to 
Common  Cedar  Blocks,  30  to  35  years  to  Brick,  15  to  Asphalt,  50  to 
Granite  and  10  to  McAclam.  I  think  he  is  unjust  to  the  Sheet  Asphalt, 
good  Asphalt  ought  to  last  as  long  as  Brick  under  "Light  Traffic." 
For  "heavy  traffic"  he  allows  4  or  5  years  to  Common  Cedar  Blocks, 
10  to  15  years  to  Brick,  12  to  15  years  to  Granite  and  8  years  to  Cobble 
Stones.  The  terms  "Light,"  "Medium"  and  "Heavy"  are  indefinite  de- 
grees of  density  of  traffic,  what  one  man  would  call  "heavy  traffic" 
another  might  consider  but  "medium."  In  one  part  of  his  paper  Mr. 
Mead  says  that  brick  pavements  were  comparatively  unknown  in  1884. 
Yet  in  his  table  he  assumes  that  brick  will  last  30  to  35  years  under 
light  traffic  and  10  to  15  years  under  heavy  traffic.  I  doubt  if  experi- 
ence with  brick  pavements  justifies  the  assumptions.  There  is  one 
great  difficulty  in  making  a  good  brick  pavement,  and  that  is  the  great 
variation  in  the  relative  hardness  of  the  brick.  In  the  process  of  man- 
ufacture it  is  absolutety  impossible  to  burn  the  brick  all  alike,  one 
brick  gets  a  great  deal  more  heat  than  its  neighbor,  and  so  must  be 
much  harder.  This  variation  in  hardness  does  not  occur  in  stone 
blocks  nor  in  sapless  cedar  blocks,  but  is  sure  to  show  up  in  any  bi'ick 
pavement.  In  every  brick  pavement  that  I  have  examined  there  is  at 
least  one  soft  brick  in  every  ten  bricks,  (and  sometimes  the  soft  ones 
are  much  more  numerous)  that  shows  itself  after  a  few  months  wear, 
and  makes  a  gap  or  depression  which  rapidly  increases  the  wear  on  the 
adjoining  bricks,  no  matter  how  hard  they  may  be.  Hence  brick  pave- 
ments need  careful  watching  and  prompt  repair  in  fully  as  great  a  de- 
gree as  anj'  pavement  that  has  been  mentioned.  My  experience  is 
limited,  but  I  have  never  seen  but  one  piece  of  brick  pavement  sub- 
jected to  what  I  would  call  "heavy  traffic,"  and  how  long  it  stood  I 
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cannot  say.  It  was  at  the  intersection  of  Dearborn  and  Washington 
Streets,  if  I  am  not  mistaken,  in  chis  city,  I  saw  it  when  it  was  new 
and  thought  I  would  keep  watch  of  it,  as  it  seemed  to  be  quite  an  in- 
novation in  the  way  of  paving.  I  did  not  reside  in  this  city  at  the  time 
so  did  not  see  the  pavement  very  often.  When  I  looked  for  that  pave- 
ment some  two  years  later  it  was  not  there.  It  bad  been  taken  up  and 
the  place  where  it  used  to  be  had  been  paved  with  stone.  It  is  a  bold 
man  that  will  predict  a  life  of  ten  or  15  years  for  a  brick  pavement 
under  such  traffic  as  it  would  get  at  that  street  intersection. 

la  his  table  of  estimates  of  cost,  Mr.  Mead  figures  the  first  cost  of 
Sheet  Asphalt  at  $3.00  and  cost  of  renewals  at  $2.00  per  square  yard. 
Now  the  contractors  for  Sheet  Asphalt  guarantee  to  keep  the  pave- 
ment in  good  repair  for  5  years  free  of  cost,  and  they  carry  out  their 
guarantee.  In  some  cities  they  agree  to  keep  the  pavement  in  repair 
for  an  indefinite  period  after  the  first  five  years,  for  8  cts.  per  sq,  yard 
per  year,  which  would  make  the  total  cost  of  Sheet  Asphalt  for  fifty 
years,  including  six  per  cent  interest  on  the  first  cost  of  $3.00  per  yard, 
$15.60,  or  31  2-10  cents  per  square  yard  per  year,  instead  of  50  cents 
or  75  cents  as  given  in  Mr.  Mead's  table.  If  we  assume  the  life  of  a 
brick  pavement  on  six  inches  of  concrete  to  be  20  years,  10  years  and  5 
years,  for  light,  medium  and  heavy  traffic,  respectively,  using  the 
same  figures  for  first  cost  and  cost  of  renewal  given  in  Mr.  Mead's 
table,  we  should  have  the  average  cost  per  year  for  a  term  of  fifty 
years,  22  9-10c,  33  l-10c,  and  56  7-10c,  instead  of  16,  22  1-2  and  36  cts., 
as  given  in  his  table.  Common  Cedar  Blocks  on  boards  with  the  same 
prices  for  original  cost  and  cost  of  renewals  which  Mr.  Mead  uses, 
but  extending  the  life  of  the  pavement  to  12  and  9  years  for  light  and 
medium  traffic  respectively,  would  make  the  average  cost  per  year  for 
a  term  of  fifty  years  23  1-2  and  29  1-2  cents  instead  of  24  and  35  cents 
as  in  the  table. 

With  Sapless  Cedar  Blocks  costing  $1.35  per  square  yard  and  a  life 
of  20  years  under  light  traffic  and  12  years  under  medium  traffic,  the 
average  cost  for  a  term  of  fifty  years  would  be  22  7-10  and  34  1-2  cents 
per  square  yard. 

Mr.  Mead  lays  considerable  stress  on  the  injury  done  to  a  pave- 
ment with  a  plank  foundation  caused  by  cutting  through  the  planks 
a  gap  the  width  of  a  trench  to  be  excavated.  It  will  readily  be  con- 
ceded that  such  a  method  of  taking  up  such  a  pavement  would  cause 
a  serious  injury.  But  the  person  in  charge  of  the  city  pavements  who 
would  permit  any  party  to  chop  holes  in  the  foundation  planks  of  a 
pavement  should  be  promptly  discharged.  Cities  that  allow  such 
"wood  butchering"  deserve  to  have*  their  pavements  fail.  When  the 
plank  foundation  of  a  pavement  is  taken  up  each  entire  plank  should 
be  removed,  and  replaced  without  cutting  or  breaking.  Then  the  stabil- 
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ityof  the  pavement  would  depend  entirely  upon  the  quality  of  the  back 
filling'  of  the  trench,  and  the  brick  or  asphalt  pavement  would  suffer 
fully  as  much,  if  not  more,  from  imperfectly  filled  trenches,  as  the  wood- 
en pavement.  Trenches  should  be  filled  with  sand  or  fine  gravel,  it  is 
impossible  to  get  the  backfilling  thoroughly  compact  with  Chicago 
clay.  But  some  persons  use  greater  care  than  others  in  this  work.  I 
have  known  a  piece  of  pavement  taken  up  and  a  six  inch  sewer  pipe 
laid  and  the  backfilling  so  carefully  done  that  the  foreman  called  for 
more  earth  to  fill  the  trench  after  he  had  put  back  all  that  was  taken 
out.  No  pavement  yet  invented  will  withstand  the  abuse  which  pave- 
ments on  the  business  streets  of  this  city  are  subjected  to.  On  LaSalle 
and  Jackson  streets  the  paving  is  taken  up  so  frequently  that  it  would 
seem  that  the  paving  stones  suffer  more  wear  from  the  picks  and  bars 
of  the  workmen  than  they  do  from  the  wheels  of  wagons.  There  is 
scarcely  a  week  but  some  portion  of  the  paving  of  these  streets  is 
dug  up. 

Figures  as  to  the  comparative  strength  per  square  inch,  or  experi- 
mects  upon  the  loss  by  abrasion  in  a  rattler  box  are  of  little  value 
when  comparing  stone  or  brick  with  cedar  blocks  or  asphalt  forpaving 
purposes.  Wood  and  sheet  asphalt  have  so  much  elasticity  that  they  re- 
cover immediately  from  the  effects  of  excessive  loads.  Moreover  the 
continuous  smooth  surface  of  sheet  asphalt  does  not  permit  the  ham- 
mering from  wagon  wheels  which  occurs  on  any  pavement  having 
joints  in  ils  surface.  Experiments  on  a  few  samples  of  stone  may  give 
results  upon  which  some  dependence  can  be  placed,  but  the  great  varia- 
tion in  the  hardness  of  brick,  caused  by  unequal  burning,  would  neces- 
sitate  the  testing  of  a  great  many  samples  in  order  to  deduce  results 
which  would  be  of  value,  and  just  as  a  chain  is  no  stronger  than  its 
weakest  link,  so  the  hardness  of  the  softest  brick  determines  the  value 
of  a  brick   pavement,  rather  than  the  average  result  of  the   samples 

tested. 

I  take  exception  to  the  "Classification  of  different  materials"  laid 
down  by  Mr.  Mead.  Under  the  head  of  "Cost  of  Maintenance"  he 
places  them  in  the  following  order: — Brick,  Granite,  Cobble-stone,  As- 
phalt, Cedar,  Macadam.  I  think  he  has  got  the  Macadam  in  the  right 
place,  but  I  would  put  Cedar,  Asphalt  and  Granite  ahead  of  Brick.  In 
reference  to  "Facility  of  Repair"  he  places  them  as  follows: — Macad- 
am, Brick,  Granite;  Cobble-stone,  Cedar,  Asphalt.  Cedar  block  pav- 
ing can  be  laid  much  more  rapidly  than  stone  or  brick,  and  I  fail  to  see 
how  brick  can  be  restored  any  easier  than  granite  or  cobble-stone.  As 
for  "Durability  under  Traffic,"  as  already  intimated  we  have  no  expe- 
rience that  wTill  warrant  placing  brick  at  the  head  of  the  list  as  he 
does.  He  is  right  again  with  Macadam,  placing  it  at  the  tail  end  of  the 
list,  but  asphalt  belongs  at  the  head,  and  I  should  place  granite  ahead 
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of  brick,  Under  the  head  of  "Foothold  for  Horses"  he  ranks  the  ma- 
terials as  follows: — Cobble-stone,  Granite,  Macadam,  Brick,  Cedar 
Block,  Asphalt. 

It  is  a  common,  but  I  believe  erroneous  notion,  that  the  joints  or 
seams  between  the  blocks  of  a  pavement  are  essential  for  a  foothold 
for  horses.  I  grant  that  with  any  hard  stone  which  polishes  under 
wear  it  is  absolutely  necessary  that  there  should  be  a  limit  to  the  pol- 
ished surface  in  order  that  the  horse  can  stand  up  at  all,  but  a  horse  is 
less  liable  to  fall  upon  a  macadam  or  asphalt  pavement  than  upon  a 
stone  pavement,  and  the  yielding  surface  of  the  cedar  block  pavement 
gives  a  better  foothold  than  brick  or  stone.  In  my  opinion,  Sheet  As- 
phalt should  transferred  to  the  other  end  of  the  list.  It  has  such  a 
perfect  surface  that  a  horse's  hoof  comes  immediately  into  position  for 
work,  there  is  no  rocking  of  the  fetlock  joint,  no  slipping  down  into  a 
crevice,  no  sliding"  off  from  a  rounded  summit.  Besides  no  such  effort 
is  required  to  start  a  heavy  load  as  is  necessary  in  starting  on  a  stone 
or  brick  pavement.  I  should  rank  the  materials  under  this  classifica- 
tion as  follows: — Sheet  Asphalt,  Macadam,  Cedar  Block,  Brick,  Gran- 
ite, Cobble-stone. 

I  doubt  the  utility  of  tables  giving  the  cost  of  pavement  for  so  long 
a  term  as  fifty  years,  There  may  be  several  better  pavements  inven- 
ted than  any  we  now  know  of  within  the  next  ten  years.  One  genera- 
tion is  about  as  far  ahead  as  we  ought  to  look. 

In  the  present  state  of  the  art,  I  believe  that  for  Chicago  and  its 
immediate  vicinity  there  are  but  two  kinds  of  pavement  to  use :  First, 
if  the  abutting  property  can  stand  it,  Sheet  Asphalt;  Second,  Sapless 
Cedar  Blocks. 

There  are  fashions,  fads,  and  popular  crazes;  even  Engineering  is 
affected  by  these  spasmodic  eruptions.  Brick  paving  is  quite  popular 
at  the  present  time,  but  I  do  not  consider  that  it  has  as  yet  demon- 
strated its  superiority,  and  am  willing  that  others  shall  do  the  experi- 
menting with  it. 
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PROCEEDINOS. 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


371st.  Meeting,  November  2,  1892.  The  Club  met  at  8  p.  m.  at  the 
club  rooms,  in  the  Odd-Fellows'  Building,  with  President  Johnson  in  the 
chair,  and  32  members  and  8  visitors  present. 

The  Secretary,  Mr.  Thacher,  being  absent,  Prof.  H.  A.  Wheeler  was 
appointed  secretary  pro  tern. 

The  minutes  of  the  370th.  meeting  were  read  and  after  slight  correc- 
tions, were  approved.  The  report  of  the  13fith  meeting  of  the  executive 
committee  was  read, 

The  applications  of  Messrs.  Edwin  James  Jolley  and  Simon  Leopold 
Weil  for  membership  were  read,  and  on  balloting,  both  were  unanimously 
elected. 

The  paper  of  the  evesing  was  then  read  by  Mr.  B.  H.  Colby,  on  "The 
Recent  Survey  of  St.  Louis;  its  Methods  and  Results."  Mr.  Colby  gave 
the  geodetic  basis  on  which  the  work  was  founded,  and  the  means  adopted 
foi  seeming  monuments  and  bench  marks  on  roofs,  graveyards  and  in  the 
streets.  He  then  specified  the  instruments  used:  A  Gambe,  aFauth  and 
two  Buff  &  Berger  transits,  all  reading  to  10  seconds.  The  method  of 
taking  multiple  readings  of  the  angles  was  described  on  the  repetition  sys- 
tem. The  area  already  triangulated,  exceeding  27,000  acres,  was  de- 
scribed and  the  number  of  stations  occupied,  which  averaged  two' stations 
to  the  square  mile.  The  base  line  used  was  from  the  old  Water  Tower  to 
the  City  Insane  Asylum,  which  has  a  length  of  almost  six  miles.  Mr.  Colby 
recommended  that  the  granite  monument  recently  erected  in  Forest 
Park,  near  the  weather  station,  be  hereafter  adopted  for  the  city  datum, 
in  lieu  of  the  old  city  directrix,  which  had  been  destroyed.  He  stated  that 
the  error  of  closure  in  the  triangles  averaged  3.7  seconds  and  the  mean  er- 
ror per  angle  was  1.2  seconds.  The  general  system  of  triangulation  was 
to  cany  a  series  oi,  with  as  few  intervening  triangles  as  possible,  triangles 
from  the  base  line  to  the  extreme  limits  of  the  city.  The  method  of  keep- 
ing notes  and  making  computations  was  then  described.  He  mentioned 
that  pole  targets,  which  were  difficult  to  see  on  account  of  the  smoke,  and 
were  tampered  with  by  mischievous  boys,  were  replaced  by  heliotropes  or 
flash  signals,  a  very  simple  and  yet  effective  design  being  employed.  The 
Hush  system  gave  much  better  closures  of  the  triangles,  as  the  average 
was  4.6  seconds  with  the  poles,  and  2.7  seconds  with  flash  signals,  or  an 
average  of  both  systems  of  3.7.  The  heliotropes  also  permitted  the  Morse 
alphabet  to  be  used  in  telegraphing  from  station  to  station.  The  method 
of  carrying  on  precise  levelling  was  then  described,  and  the  instruments 
employed  were  exhibited.  743  benches  have  been  established,  or  12  per 
square  mile,  mostly  on  the  stone  sills  of  the  buildings,  the  location  of 
which  is  printed  every  year  in  the  annual  report  of  the  sewer  commission- 
er.   The  average  error  has  been  Vioo  foot  per  mile.      If  the  error  of  closure 
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-was  greater  than  0.020S  feet  into  the  square  root  of  the  distance  in  miles, 
the  work  was  re-run.  He  then  gave  a  new  theory,  based  on  studies  made 
by  Mr.  E.  J.  Jolley,  of  this  club,  of  the  constant  error  found  in  precise 
levelling,  which  he  explained  as  being  due  to  always  holding  the  eye-end 
of  the  level  tube  in  carrying  it,  and  therefore  causing  a  local  expansion  of 
the  eye-end  of  the  tube  that  diminished  the  longer  the  instrument  was 
used  at  a  station,  and  hence  the  error  was  always  greatest  on  the  back 
sight.  He  stated  that  the  topographic  work  was  carried  on  with  true 
azimuths.  He  gave  the  results  of  some  stadia  observations*  made  after  4 
p.  m.,  whi:h  showed  that  the  refraction  error  is  so  great  as  to  sometimes 
make  stadia  work  unreliable  before  9  a.  m.,  or  after  4  p.  m.;  an  error  of 
0.2  feet  due  to  refraction  was  observed  in  200  metres.  Prefers  to 
keep  the  topographic  notes  in  the  form  of  a  few  brief  descriptions  rather 
than  by  sketches.  The  methods  employed  in  plotting  were  explained  and 
a  special  protractor  and  slide  rule  exhibited.  Mr.  Colby  also  spoke  of  the 
different  methods  of  graduating  stadia  boards,  and  gave  some  results  that 
showed  a  marked  tendency  to  error  by  the  point  system.  Gave  the  results 
of  carrying  a  stadia  line  around  the  perimeter  of  St.  Louis  that  covered  a 
distance  of  40.4  miles,  and  306  stations  with  an  average  length  of  211  me- 
tres between  stations.  The  maximum  error  in  azimuth  was  12  minutes 
and  35  seconds  at  a  distance  of  34.9  miles,  and  the  closing  error  was  8  min- 
utes and  20  seconds.  The  error  in  altitude  in  closing,  after  running  the 
40.4  miles,  without  checking  on  any  intermediate  benches,  was  6*/ioo  foot, 
with  a  maximum  of  1.37  feet  at  the  twenty-seventh  mile.  The  cost  of  the 
triangulation,  topography,  levelling  and  office  work,  covering  all  expenses 
for  815  working  days,  amounted  to  about  §35,000  at  a  cost  of  $1.15  per  acre, 
or  14.5c.  per  lot.  The  work  was  carried  on  by  four  engineers,  with  assis- 
tants, but  only  one  party  was  in  the  field  at  a  time,  the  others  being  busy 
in  the  office. 

Discussion  on  the  paper  was  postponed  for  a  future  meeting. 

The  paper  for  the  next  meeting  on  the  "Intermural  Railway  at  the 
Columbian  Exposition"  by  B.  J.  Arnold  was  then  announced. 

Club  adjourned  at  10:30.  H.  A.  Wheelek,  Secretary  pro  tern. 


372nd.  Meeting,  November  16, 1892.  The  club  met  at  8  p.  in.,  at  the 
club  rooms,  with  President  Johnson  in  the  chair,  twenty-one  members 
and  two  visitors  present. 

In  the  absence  of  the  secretary,  Prof.  H.  A.  Wheeler  occupied  the  sec- 
retaryship. 

The  minutes  of  the  371st  meeting  were  read  and  approved. 

A  motion  was  carried  appointing  the  last  three  past  presidents  as  a 
committee  on  elections,  or  Messrs.  Burnet,  Nipher  and  Meier. 

The  paper  of  the  evening  on  "The  Graphical  Representation  of  the 
Output  and  Efficiency  of  Operation  of  a  Dynamo"  was  then  read  by  Prof. 
F.  E.  Nipher,  who  stated  that  all  of  the  quantities  involved  can  be  repre- 
sented in  terms  of  total  EMF  magnetizing  current  and  speed.  The  equa- 
tion first  published  by  Frolich  represents  the  relation  between  these 
quantities  in  a  very  satisfactory  way  in  a  dynamo,  which  will  run  brushes 
at  a  practically  constant  lead.    This  equation  is 


l   H-    b    i 
where  ft  and  b  are  constants  of  the  machine. 

These  constants  are  easily  determined,  by  determining  a  series  of 
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simultaneous  values  of  e,  n  and  i  through  the  range  of  speed  and  current 
which  the  machine  will  permit.    Putting  the  equation  in  the  form 


and  plotting  i  with  the  corresponding  value  of  — ,  the  values  —  and  —  can 

be  taken  from  the  diagram  and  a  and  b  can  he  found. 

The  equation  is  the  equation  of  a  hyperbolic  paraboloid,  upon  which 
lines  of  constant  output,  and  constant  efficiency,  and  constant  torque  can 
be  drawn.  The  speaker  showed  how  to  draw  projections  of  all  these  lines 
on  the  co-ordinate  planes  of  e,  i,  e,  n  and  £,  n,  any  two  of  which  enables 
one  to  clearly  see  what  the  dynamo  would  be  able  to  do  under  any  per- 
missible conditions  of  operation. 

The  paper  was  discussed  by  Messrs.  Seddon,  Olshausen,  Hermann, 
Humphrey,  Wheeler  and  Johnson. 

Prof.  Johnson  made  an  informal  report  for  the  committee  on  quart- 
ers. 

Club  then  adjourned.  H.  A.  Wheeler,  Sec'y,  pro  tem. 


373BD.  Meeting,  December  7,  1S92.  The  club  met  at  8  p.  m.  at  the 
club  rooms.  President  Johnson  in  the  chair;  thirty-six  members  and  three 
visitors  present. 

The  minutes  of  the  372ud.  meeting  were  read  and  approved. 

The  Executive  Committee  reported  the  doings  of  their  137th  meeting. 

The  Committer  on  Local  Data  reported  that  the  material  was  ready 
for  publication,  and  recommended  that  it  be  published.  On  motion,  the 
secretary  was  instructed  to  proceed  with  the  printing  of  1000  copies  of  the 
report,  and  to  have  enough  bound  for  the  members  and  other  uses  of  the 
club. 

M  r.  Burnet  stated  that  the  Committee  on  Eoads  were  not  ready  to  re- 
port, and  asked  to  be  continued.  On  motion  the  committee  was  contin- 
ued. 

Mr.  Burnet  reported  for  tha  Committee  on  Permanent  Quarters  that 
they  <  xpected  to  be  able  to  make  satisfactory  arrangements  with  the  Mer- 
cantile Club. 

Prof.  Potter  stated  for  the  special  committee  on  change  of  quarters 
that  they  were  not  ready  to  report. 

On  motion  both  committees  on  quarters  were  continued. 

The  secretary  presented  the  following  annual  report. 
To  the  Members  of  the  Engineers'  Club  of  St.  Louis. 

Gentlemen :— The  records  of  the  club  show  the  following  statistics  for 
the  past  year:  Eighteen  meetings  have  been  held,  seventeen  at  the  club 
rooms  and  one  at  Washington  University.  President  Burnet  occupied  the 
chair  at  one  meeting.  President  Johnson  at  sixteen,  and  Vice-President 
Crosby  at  one.  The  total  attendance  of  members  was  532,  or  an  average 
attendance  of  twenty-nine.  We  have  also  had  with  us  fifty-eight  visitors. 
The  total  number  of  meetings  is  now  372.  Eighteen  papers  were  present- 
ed by  the  following  members:  Profs.  Woods,  Johnson,  Brown,  Howe, 
Potter  and  Nipher,  and  Messrs.  Burnet,  Flad,  Farnham,  Johnson,  Bur- 
gess. Moore,  Laird.  Winslow,  Hermann,  Crow,  Bryan  and  Colby-  The 
club  has  lost  seven  members  by  resignation.  Fourteen  new  members  have 
been  elected  and  one  reinstated.  The  present  roll  of  the  club  shows  that 
that  we  now  have  136  resident  members  and  forty-nine  non-resident  and 
one  honorary  member,  and  three  elected  but  not  yet  qualified. 
Respectfully  submitted. 

AKTHTJB   TriACIIER. 
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The  treasurer  made  the  following  report: 

Cash  balance  from  last  report $323  08 

Dues,  receipts  from  last  report 148  00 

"          "         issued  for  1892 1,585  00 

"          "              "    new  members 233  00 

World's  Fair  assessment 40  00 

Whitman  library  subscription 47  00 

$2,376  08 

Vouchers  paid $1,325  75 

Dues,  receipts  canceled 77  00 

on  hand 40100 

Cash  balance 572  33 

$2,376  08 
Chas.  W.  Meecher,  Treas. 

On  motion  the  report  was  accepted  and  referred  to  the  Executive  Com- 
mittee to  be  audited. 

The  Committee  on  Nominations  reported  the  following  nominations 
for  officers  for  1893: 

For  President — Robert  Moore. 

For  Vice-President — B.  L.  Crosby. 

For  Secretary— Arthur  Thacher. 

For  Treasurer — Chas.  W.  Melcher. 

For  Librarian— R.  E.  McMath. 

-RW DirPftnrs—  i  J-  B-  Johnson, 
t  oi  Directors     j  Geo>  H  Pegram_ 

For  Members  of       j  J.  B.  Johnson, 

Board  Managers        j  J.  A.  Laird. 

On  motion  the  report  was  accepted  and  the  names  declared  in  nomina- 
tion. 

Mr.  J.  A.  Ockerson  was  nominated  as  a  candidate  for  member  of  the 
Board  of  Managers. 

The  Secretary  read  the  formal  invitation  of  the  General  Committee  of 
engineering  societies,  Columbian  Exposition,  inviting  foreign  engineering 
societies  to  make  use  of  the  engineering  headquarters. 

On  motion  the  Executive  Committee  were  instructed  to  arrange  for  an 
informal  supper  at  next  meeting. 

Mr.  B.  J.  Arnold  then  read  the  paper  of  the  evening  on  ''The  City 
Electric  Railway  Power  Station  of  Little  Rock,  Ark.,  and  its  Record." 
The  road  was  constructed  in  131  days,  including  32  days  lost  in  Sundays 
and  on  account  of  rainy  weather,  or  making  99 actual  working  days.  Dur- 
ing this  time  the  entire  system  of  about  twenty  miles  of  road  was  either 
taken  up  and  new  rails  and  ties  laid  or  the  track  narrowed  from  broad  to 
standard  gauge. 

At  the  power  station  there  were  1000  cubic  yards  of  solid  slate  excava- 
ted, over  1,000,000  brick  laid,  333,000  feet  of  lumber  erected  on  the  structure 
and  1000  horse  power  of  engines,  boilers  and  condensing  machinery  put  in 
place  during  this  period. 

The  questions  governing  the  location  of  the  power  house  and  the  ob- 
stacles.met  with  were  discussed.  At  certain  seasons  of  the  year  the  river 
water  is  exceptionally  bad  and  special  filters  were  necessary. 

Some  of  the  special  features  of  the  power  house  are:  First,  the  gen- 
eral idea  of  the  building  on  a  hillside.  Second,  the  utilization  of  a  short 
story  for  a  pit  room  under  all  the  cars.  Third,  providing  for  a  washing 
pit  under  each  track.  Fourth,  placing  the  line  shafting  on  top  of  the  par- 
tition walls.  Fifth,  the  location  of  the  carbarn  on  top  of  the  power  house. 
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Sixth,  the  placing  of  a  summer  theatre  on  top  of  the  structure.  Seventh, 
inclining  the  tracks  for  convenience  in  case  of  fire. 

A  full  set  of  lantern  slides  illustrated  the  general  construction  and  de- 
tails. 

A  number  of  tables  showing  the  cost  of  fuel  and  power  used  were  ex- 
hibited.   The  tables  showed  a  very  low  cost  for  power. 

The  paper  was  discussed  by  Messrs.  Schaub,  Potter,  Flad,  Colby.  Sed- 
don,  Bouton,  Kinea!y  and  Wheeier. 

Prof.  J.  B.  Johnson's  paper  on  "The  Bearing  Resistance  of  Metallic 
Rollers  as  Determined  by  Experiment,"  was  read  by  title. 

Adjourned.  Abthue  Thacheb,  Secretary. 


374th.  Meeting,  Decembee  21,  1S92.  The  club  met  at  7  p.  m.  at  the 
Mercantile  Club.  President  Johnson  in  the  chair  and  thirty-nine  members 
and  one  visitor  present.  After  partaking  of  a  supper  the  results  of  the 
election  of  officers  for  1893  was  announced.  The  following  were  declared 
to  be  elected: 

President — Robert  Moore. 

Vice-President— B.  L.  Crosby. 

Secretary — Arthur  Thacher. 

Treasurer— Chas.  \V.  Melcher. 

Directors — J.  B.  Johnson  and  Geo.  H.  Pegram. 

Librarian— R.  E.  McMath. 

Members  Board  of  Managers,  Association  of  Engineering  Societies— J. 
B.  Johnson  and  J.  A.  Ockerson. 

President  Johnson,  with  a  few  appropriate  remarks,  relinquished  the 
chair  fco  the  newly-elected  president,  .Mr.  Robert  Moore.  After  thanking 
theclub,  Presidenl  Moore  called  on  the  retiring  president  for  an  address. 
Prof.  Johnson  gave  an  interesting  address  on  the  "Engineering  Profes- 
sion." The  paper  pointed  out  the  growth  of  the  profession  and  gave  a 
number  of  interesting  and  valuable  suggestions. 

Discussion  followed,  which  was  taken  part  in  by  Messrs.  Meier,  Niph- 
er,  Maxon,  Winslow,  Crosby.  Ockerson,  Eayrs,  Flad  and  Condron. 

Forthenexl  meeting  a  discussion  of  Mr.  Colby's  paper  on  the  "Re- 
cent Survej  nf  St.  Louis"  was  announced. 

Adjourned.  Abthue  Tiiachek,  Secretary. 


ENGINEERS'  CLUB  OF  MINNEAPOLIS. 


Regular  Meeting  was  held  at  the  Public  Library,  Minneapolis,  Dec. 
Bth.,  1892.     President  Pike  in  the  chair. 

Minutes  of  preceding  meeting  read  and  approved. 

A  letter  was  read  from  the  General  Committee  of  Engineering,  Socie- 
ilumbian  Exposition,  with  reference  to  foreign  societies  and  the  in- 
vitation of  same  to  the  World's  Fair.    The  proposed  plan  was  approved. 

Prof.  Hoag  was  permitted  to  bind  the  Transactions  of  the  A.  S.  of  C. 
E..  and  keep  same  at  University  of  Minnesota,  subject  to  the  call  of  the 
Club. 

Mr.  Geo.  Andrews  and  Mr.  Fred  Llewllyn  were  proposed  for  member- 
ship, seconded  by  A.  B.  Coe  and  F.  W.  Cappelen. 

Mr.  Cappelen  read  a  report  upon  therecent  trip  to  West  Superior,  Du- 


PROCEEDINGS.  605 

luth  and  the  Vermillion  Range.     Said  report  was  ordered  upon  the  Jour- 
nal as  minutes. 

A  committee  consisting  of  Elbert  Nexsen,  Geo.  W.  Sublette  and  A.  B. 
Coe  was  appointed  to  draw  up  a  set  of  resolutions  to  express  the  thanks 
"of  the  club  to  the  Engineers  at  the  head  of  the  Lake  for  the  hospitality 
shown  our  club  on  the  trip  in  November. 

The  committee  reported  and  the  following  resolution  was  adopted,  or- 
dered printed,  and  sent  to  each  gentleman  above  referred  to. 

Minneapolis,  Minn.,  Deeember,'8th.,  1892. 
Resolved,  that  the  thanks  of  the  Engineer's  Club  of  Minneapolis  be 
extended  to: 

Eben  F.  Wells,   West  Superior  Steel  &  Iron  Co. 
S.  S.  Cooper,       City  Engineer,  West  Superior,  Wis. 
D.  A.  Reed,         City  Engineer,  Duluth,  Minn. 
Robert  Augst,    Chief  Engineer,  D.  &  I.  R.  R.,  Duluth. 
T.  Owens,  Superintendent,  D.  &  I.  R.  R-,  Duluth. 

and  the  other  engineers  of  West  Superior  and  Duluth  for  the  very  hos- 
pitable manner  in  which  the  members  of  this  club  were  entertained  on  its 
trip  of  Nov.  11th.  and  12th.,  1892,  to  West  Superior,  Duluth  and  the  Ver- 
million Range- 
That  those  who  participated  will  long  remember  with  pleasure  this 
trip,  and  hope  that  in  the  near  future  an  opportunity  will  be  given  to  re- 
ciprocate their  kindness. 

Elbert  Nexsen  ) 
G.  W.  Sublette  > Committee. 
Alfred  Coe        ) 
F.  W.  Cappelen,  Secretary. 

Upon  motion  the  meeting  adjourned. 

F.  W.  Cappelen,  Secretary. 


WISCONSIN  POLYTECHNIC  SOCIETY. 


21st.  Meeting,  November  14,  1892.  10  members  and  8  guests  present. 
Mr.  Goodhue  in  the  chair.  Minutes  of  the  previous  meeting  were  read 
and  approved.  The  secretary  reports  on  a  communication  received  from 
Prof.  Chas.  D.  Marks,  Palo  Alto,  California,  requesting  his  resignation 
from  membership  on  account  of  his  absence  from  Wisconsin.    Granted. 

A  letter  from  the  Engineers  Club  of  St.  Louis  was  read  proposing  the 
exchange  of  membership  by  the  following  amendment  to  the  By-Laws. 

Exchange  op  Membeks: — Any  member  of  any  Society  in  the 
Association  of  Engineering  Societies,  in  good'  standing,  may  become  a 
member  of  this  club,  when  duly  elected  as  described  in  Section  7,  without 
paying  the  initiation  fee  and  with  a  release  from  the  aunual  dues  for  such 
period  not  over  one  year  as  he  may  show  by  certificate  he  has  paid  in  ad- 
vance in  the  society  from  which  he  comes,  provided  such  society  shall 
have  conferred  like  privileges  to  members  of  this  club." 

It  is  moved  to  vote  on  the  amendment  at  the  next  meeting  after  duly 
notifying  the  members  by  letter.  Motion  is  carried.  Mr.  Goodhue  then 
presents  a  letter  received  from  a  friend  travelling  abroad,  which  com- 
ments on  the  masonry  of  ancient  and  modern  Rome.  The  discussion  there- 
by started,  is  taken  part  in  by  Messrs.-  Koch,  Poetsch,  Mavrocordato, 
Scholtka,  Spalding,  Tucker. 

Adjourned.  M.  J.  Schinke,  Secretary. 


22nd.  Meeting,  December  12,  1892.  10  members  present:  7  guests. 
Mr.  Benzenberg  in  the  chair.  Minutes  of  the  previous  meeting  were  read 
and  approved. 
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Vote  was  taken  on  the  following  amendment  to  the  By-Laws  as  an 
addition  to  Sec.  6,  Art.  III. 

"Exchange  of  Membership:  Any  member  of  any  other  society  in 
the  Association  of  Engineering  Societies  in  good  standing,  may  become  a 
member  of  this  society,  when  duly  elected  without  paying  the  initiation 
fee,  and  with  a  release  from  the  annual  dues  for  such  period,  not  over  one 
year,  as  he  may  show  by  certificate  he  has  paid  in  advance  in  the  society 
from  which  he  comes,  provided  such  society  shall  have  conferred  like 
privileges  on  members  of  this  society." 

The  amendment  was  unanimously  carried. 

The  next  business  in  order  was  Mr.  Eau's  paper  on  "Ancient  Rome 
and  its  Principal  Buildings."  With  the  aid  of  photographs  of  the  Panor- 
ama of  Rome  at  Munich,  Germany,  Mr.  Rau  guides  the  audience,  sight- 
seeing through  the  streets  of  that  famous  city.  By  his  detailed  know- 
ledge and  graphic  descriptions  he  creates  an  impression  that  he  is  quite  at 
home  in  Ancient  Rome.  The  value  of  the  paper  was  acknowledged  by  ap- 
plause and  a  vote  of  thauks  to  the  author. 

M.  G.  Schinke,  Secretary. 


WESTERN  SOCIETY  OF  ENGINEERS. 


297th.  Meeting,  Dec.  7,  1892.  The  297th.  meeting  of  the  Society  was 
held  at  the  rooms  of  the  Central  Traffic  Association,  The  Rookery,  Wed- 
nesday evening,  Dec.  7th.  1892,  at  S  p.  m.  President  Randolph  in  the  chair 
and  fifty  members  present. 

The  minutes  of  the  last  meeting  were  approved. 

The  Secretary  reported  for  the  Board  of  Directors  the  election  to  mem- 
bership of  Messrs.  Ralph  Modjeski  and  Wra.  Steyh. 

The  following  amplications  were  also  tiled:  Messrs.  Oliver  Johnson 
Westcott:  Hiram  1).  Ilallett;  Albii.e  L.  Grandy;  Granville  Kimball;  J.  A. 
Lewis:  Win.  McKenzie  Hughes,  James  Wallace  Beardsley;  George  Albert 
Masters;  Andrew  Renicb  Benson;  Dorsey  Ash;  Irving  Hitz;  Albert  Clare; 
Frank  Sej  mour  Baillie;  Arthur  Douglas  Mott;  E.  D.  Miller. 

Thr  Directors  had  carefully  considered  the  necessity  of  providing 
funds  to  meel  the  inevitable  calls  upon  the  hospitality  of  the  Society  dur- 
ing tin'  Columbian  Exposition,  and  decided  to  ask  for  pledges  for  contribu- 
tions for  that  purpose  from  the  membership. 

Messrs.  Scherzer,  Harding  and  Mead  were  appointed  a  Committee  to 
count  the  ballots  for  Amendments  of  Constitution  and  By-Laws: 

<>n  Amendments  of  Sections  1  and  2  of  Article  III  of  Constitution,  the 
vote  gave  112  Ayes.  4  Nays. 

Section  1.  Article  3  of  By-Laws:  115  Ayes,  3  Nays. 

Section  7.  Article  6  of  By-Laws:  115  Ayes,  3  Nays. 

Seel  ions  5  and  ij,  Article  'J  of  By-Laws:  115,  Ayes,  3  Nays. 

The  President  declared  the  Amendments  adopted. 

For  the  Committee  on  "Badge.  Seal,"  etc.,  Mr.  G.  A.  M.  Liljencrantz 
read  a  report  recommending  the  selection  of  one  of  three  designs  and  sug- 
gesting a  course  to  be  pursued  to  settle  the  question  and  supply  the 
badges. 

Mr.  J.  C.  Des  Granges  moved  that  the  recommendations  of  the  Com- 
mittee be  concurred  in,  that  the  various  designs  be  engraved  and  sent  out 
with  the  Proceedings  and  that  the  notice  be  printed  on  the  ballot  for 
election  of  Officers.    Seconded  and  carried. 

Mr.  Aug.  W.  Wright  then  read  his  paper  on  "Continuous  Rails." 
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The  interesting  paper  was  discussed  by  Messrs.  Appleton  and  Ran- 
dolph. 

The  Secretary  then  read  a  second  paper  by  Mr.  C.  H.  Hudson,  "On  a 
Practical  Test  of  Compound  Locomotives  in  Regular  Service." 

The  paper  described  another  year's  actual  tests  of  Compound  Loco- 
motives— being  a  continuation  of  the  eleven  months  tests  described  by 
him  in  the  first  paper  presented  to  the  Society  on  October  7,  1891. 

Remarks  were  made  by  Prof.  Arthur  T.  Woods  and  Mr.  A.  C.  Hard- 
ing. 

The  papers  will  be  given  in  the  Journal,  of  the  Association  as 
early  as  possible. 

The  President  reminded  the  members  that  the  Annual  Election  of 
Officers  was  drawing  near,  and  that  it  would  be  necessary  in  accordance 
with  Article  9,  of  the  By-Laws,  to  have  the  nomination  petitions  presented 
to  the  Board  by  the  time  prescribed  therein. 

On  motion  adjourned.  John  W.  Weston,  Secretary. 
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ANNUAL     SUMMARY. 

//  is  proposed  to  furnish,  in  this  department,  as  complete  an  Index 
as  may  be  of  current  Engineering  Literature  of  a  fragmentary  charac- 
ter. A  short  note  will  be  appended  to  each  title,  intended  to  give  suffi- 
cient information  to  enable  the  reader  to  decide  whether  or  not  it  zs  worth 
his  while  to  obtain  or  consult  the  paper  itself.  The  Index  will  be  mostly 
limited  to  society  and  magazine  articles,  and  special  engineering  reports 
of  general  interest  and  value.  It  is  printed  in  the  monthly  issues  of  the 
Journal,  on  Hit  one  side  of  the  paper,  so  that  the  titles  may  be  cut  out 
and  pasted  on  cards  or  in  a  book,  and  is  here  collected  with  additional 
cross  references. 

LIST   OF  PERIODICALS  INDEXED. 

Age  of  Steel  {Age  of  Steel),  weekly,  Equitable  Building,  St.  Louis,  Mo. ;  per  year,  $3. 

American  Architect  {Am.  Arch.),  weekly,  Ticknor  &  Co.,  211  Tremont  street, 
Boston,  Mass. :  single  copy.  15  cents. 

American  Tournal  of  Railway  Appliances. {Am.  Jour.  Ry.  ApplL),  monthly,  World 
Building,  New  York:  per  year,  $2.  single  copy,  25  cents. 

American  Machinist  {Am.  Mack.),  weekly,  96  Fulton  street,  New  York;  per  year, 
$2.50;  single  copy,  15  cents. 

American  Manufacturer  and  Iron  World  {Am.  Mfr.),  weekly,  Pittsburg,  Pa.;  per 
year,  $4;  single  copy   10  cents. 

Annales  des  Ponts  et  Chaussees  {Annates  des  P.  &*  C),  monthly,  Vve.  Ch.  Dunod, 
4g  Quai  des  Augustins  Paris.  France. 

Electrical  Review  {Elec.  Rev  ),  weekly,  22  Paternoster  Row,  London,  E.  C.;  per 
year,  21s.  8d. :  single  copy,  4d. 

Engineering  Record  {Eng.  Rec),  weekly,  277  Pearl  street,  New  York:  per  year,  $5; 
single  copy    12  cents. 

Engineering  News  {Eng,  N ews),  weekly,  Tribune  Building,  New  York;  per  year, 
?5;  single  copy,  15  cents. 

Engineering  and  Mining  Journal  {E.  <S°  M.  Jour!),  weekly,  27  Park  Place,  New 
York;  per  year.  $4;  single  copy,  10  cents. 

Engineering  {Lon.  Eng.),  weekly,  London,  England;  per  year,  $10;  single  copy, 
25  cents. 

Indian  Engineering  {bid.  Eng.),  weekly,  Calcutta,  India;  iSs.  per  year;  single  copy 
8  annas. 

Journal  of  the  Association  of  Engineering  Societies  {Jour .  Assn.  Eng.  Soc),  month- 
ly, 51  Lakeside  Building,  Chicago  ;  per  year,  $3;  single  copy,  30  cents. 

Journal  of  the  Franklin  Institute  {Jour.  Fran.  Inst.),  monthly,  Franklin  Institute, 
Philad  Iphia,  Pa. ;  per  year,  ipi,  •.  single  copy,  50  cents, 

Journal  of  the  New  England  Water  Works  Association  {four.  N.  E  W.  IV. 
Assn.),  quarterly,  New  London,  Conn.;    pel  year,  $2:  single  copy,  75  cen^s. 

Journal  of  the  Society  of  Arts  {Jour.  Soc.  Arts),  weekly,  London,  England;  single 
copy. 6d. 

Locomotive  Engineering.  {Loc.  Eng.),  monthly,  9-12  Temple  Court,  New  York; 
per  year,  f 2  :  single  copy,  20  cents. 

Mechanics  {Mechanics),  monthly,  907  Arch  Street,  Philadelphia,  Pa.;  per  year,  $1;  sin- 
gle copy,  10  cents. 

Paving  and  Municipal  Engineering  (Pav.  &=  Munic.  Eng.),  monthly,  Municipal  En- 
gineering Co.,  44  Chamber  of  Commerce,  Indianapolis,  Ind  ;  per  year,  $2;  sin- 
gle copies,  25  cents. 

Power  {Power),  monthly,  113  Liberty  Street,  New  York;  per  year,  $1;  single  copy,  10 
cents. 

Proceedings  American  Institute  of  Mining  Engineers  {Proc.  A.  I.  M.  E.),  i3  Burling 
Slip,  New  York;  per  year,  $5. 
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Proceedings  of  the  Engineers'  Club  of  Philadelphia    (Proc.    Eng.    Club  Pkila.), 

quarterly,  112."!  Girard  St.,  Philadelphia,  Pa. ;  per  year,  $2. 
Proceedings  of  the   Institution  of  Civil  Engineers   (.Proc.  Inst.   C.  £.),    25  Great 

George  St.,  Westminster,  S.  W.  London,  Eng. 
Proceedings  of  the  Society  of  Arts  [Proc.  Soc.  Arts);  Mass.  Institute  of  Techno- 
logy, Boston,  Mass. 
Proceedings  of  the  United  States  Naval  Institute   (Proc.    U.  S.   JV.  I.),  quarterly, 

United  States  Naval  Institute,  Annapolis,  Md. ;  per  year,  $3.50;  single  copy,  $1. 
Railroad  and  Engineering  Journal  (R.  R.  &*  Eng.  Jour.),  monthly,  45  Broadway, 

New  York;  per  year,  $3;  single  copy,  25  cents. 
Railroad  Gazette  (R.  R.  Gaz.),  weekly,  73  Broadway,  New  York;  per  year,  $4.20:  sin- 
gle copies,  10  cents. 
Railway  Review  (Ry.  Rev.),  weekly,  The  Rookery,  Chicago,  111.;  per  year,  $4. 
Scientific  American  Supplement  (Sci.  Am.  Sup.),  weekly  361  Broadway,  New  York; 

per  year,  $5;  single  copy,  10  cents. 
Scientific  American  (Sci.  Am.),  weekly,  361  Broadway,  N.  Y.;  per  year,  $3. 
School  of  Mines  Quarterly   (Sen.  Mines   Quart.),    Columbia   College,   New  York 

City;  per  year,  $2;  single  copy,  50  cents. 
Street  Railway  Journal  (St.  Ry.  Jour.),  monthly,  World's  Building,  New  York;  per 

year,  $4:  single  copy,  35  cents. 
Street  Railway  P.eview  (St.  Ry.  Rev.),  monthly,  265  Dearborn  St.,  Chicago,   111.; 

per  year,  $2 ;  single  copy,  2  5  cents. 
Technology  Quarterly  and  Proceedings  of  the  Society  of  Arts  (Tech.  Quart.),  Mass. 

Inst.  Technology,  Boston,  Mass.;  per  year,  $3. 
The  Electrical  Engineer  (Elec.  Engr.),  monthly,  11  Wall  Street,  New  York;  per 

year,  $3;  single  copy,  30  cents 
The  Electrical  World  (Elec.  World),  weekly,  177  Times  Building,   New  York;  per 

yeai,  $3;  single  copy,  10  cents. 
The  Engineer  (Lond.  Engineer),  weekly,    London,   England;  per  year,  $10;  single 

copy,  25  cents. 
The  Engineering  Magazine   (Eng.  Mag.),  monthly,  World  Building,   New  York; 

per  year,  $3;  single  copy,  25  cents. 
The  Inland  Architect  and  News  Record  (Inland  Arch.),  monthly,  The  Inland  Pub- 
lishing Co.,  i9  Tribune  Building,  Chicago;  per  year,  $5;  single  copies,  5o  cents. 

Photo-gravure  Edition;  per  year,  $10;  single  copy,  $1. 
The  Irrigation  Age  (Irrigation  Age),  weekly,  Salt  Lake  City,  Utah;  per  year,  $2. 
The  Locomotive  {Locomotive),  monthly,  Hartford,  Conn.;  per  year,  50  cents. 
The  Mechanical  World  (Mech.  World),  weekly,  Manchester,  England;  per  year,  8s. 

yd. ;   single  copy,  1  penny. 
The  Newspaper  Agency,  i9  Spring  Gardens,  London,  England. 
The  Railway  Engineer  (Ry.    Eng.),  monthly,  8    Catherine  St.,  iStrand,    W.   C, 

London,  Eng.;  single  copy,  1  s. 
The  Railway  Master  Mechanic  (Mast.  Mech.),  monthly,   "The   Rookery,"  Chicago 

111. ;  per  year,  $1 ;  single  copy,  to  cents. 
The  Street  Railway  Gazette  (St.  Ry.  Gaz.),  monthly,    Phosnix  Building,  Chicago; 

per  year,  $2;  single  copy,  25  cents. 
Transactions  American  Society  of  Civil  Engineers  ( Trans.  A.  S,  C.  £.),  127  East 

Twenty-third  street,  New  York;  per  year,  $10. 
Transactions  American  Society  of  Mechanical   Engineers   (Trans.  A.  S.  M.  E.), 

12  West  3ist  Street,  New  York. 
Transactions  Canadian  Society  of  Civil  Engineers  (Trans.  Can.  Soc.  C.  £.).  Sec'y.i 

McGill  University,  Montreal. 
Transactions  of  the  Technical  Society  of  the  Pacific  Coast  (Trans.  Tech.  Soc-  Pae. 

C.)    Rooms  14-15,  40S  California  street,  San  Francisco,  Cal. 


INDEX— ANNUAL  SUMMARY.  611 

Accident.    See  Bridge  Accidents. 

Address.    Annual  Address  of  President  Mendes   Cohe?i,  Am.   Soc.C.E.    Historical 

account  of  many  events  connected  with  the  building  of  the  B.  &  O.  R.  R.  Eng. 

News,  July  7,  14,  1892. 

at  the  Annual  Convention  at  the  Am.  Soc.  C .  E.,  18Q2,  by  President,  Mendes 

Cohen.  A  history  of  the  construction  and  early  development  of  the  B.  &  O.  R. 
R.     Trans.  Am.  Soc.  C.  E.,  Vol.  XXVI,  May  1892,  pp.  535-58. 

.     Gobeille,  Jos.  Leon,  President,  The  Civil  Engineeri'  Club  of  Cleveland- 

Annual  address  on  "The  Financial  Status  of  the  Engineer."  Jour-  Assn.  Eng. 
Soc,  March,  i892,  pp.  166-69. 

■ .    Haney,  Rev.  Conrad,  at  the  Annual  Meeting  of  the   Western  Society  of 

Engineers.  A  discourse  on  the  "The  Civil  Engineer."  Jour.  Assn.  Eng.  Soc, 
Feb.,  i892,  pp.  49-53. 

.     Of  President,  Mr.  Mendes  Cohen  at  Annual  Meeting  of  the  Am.  Soc.  C. 

E.  Gives  a  historical  account  of  the  construction,  development  and  operation 
of  the  B.  &  O.  R.  R.    P.  P.  Gaz.,  July  1,  1892,  et  sea. 

.  Wilson,  E.  H.,  Retiring  President,  Montana  Soc.  C.  E.  On  "Respons- 
ibilities of  the  Engineer."    Jour.  Assn.  Eng.  Soc,  Feb.,  1892,  pp.  98-ioo. 

Aerial  Navigation.  An  Aerophone  Diagram.  A  diagram  showing  by  curves  the  re- 
lation between  area,  velocity,  etc.  By  C.  W.  Hastings.  Eng.  News,  May  5, 
iS92,  p.  463. 

.       Suggestions     Toward    Human    Flight.       By    H.    C.     Kirk,    M.   E. 

States  the  various  principles  underlying  all  methods  of  flight,  with  suggestions 
as  to  lines  of  investigation.    Illus.    Eng.  Mag.,  Feb.  i892,  pp.  650-63. 

.       Progress   in   Flying  Machines        By    O.   Chanute.        Descriptions 

of  various  proposed  machines  and  experiments.  Illus.  R.  R.  &=  Eng  Jour., 
Jan.,  Feb.  and  March,  1892,  etseq. 

Aeronautics.  Balloon  Ex-periments  a??d  their  Graphical  Representation.  Twenty- 
six  expts.  made  at  Vienna  are  detailed  and  66  expts.  made  in  Paris  in  1870-1  are 
plotted:  of  interest  to  Meteorologists  and  military  men,  by  Hermann  Hoernes. 
Wocke?ischrift  Oester.  Eng.  u.  Arch.  Vereins,  Vol.  16,  No.  50,  pp.  462-3.  No. 
51,  pp.  474-6,  No.  52,  pp.  487-9. 

Air.     Compressed.    See  Compressed  Air. 

.     The  Limit  of Respirable  Air-    Investigations  as  to  effect  of  compressed 

and  rarified  air  on  life.  Deduces  certain  limits  from  experiments  upon  birds 
and  mammals.    By  M.  P.  Etienne.    Annates  des  P.  et  C,  June,  1891,  pp  g4i-5g. 

Air  Brake.  Test  of .  For  comparison  of  efficiency  of  Westinghouse  Air  Brake  with 
that  of  the  New  York  Air  Brake  Co.  Illustrated  description  of  methods  used 
and  results.     Ry.  Rev.,  Sept.  i7,  24,  1892. 

Alloys.    See  Car  Journals. 

.  Properties  of  .  Report  of  Prof.  W.  C.  Roberts-Austen  to  Alloys  Re- 
search Com.,  Inst.  M.  E.  An  elaborate  report  giving  the  results  of  investiga- 
tions of  the  effect  of  small  portions  of  certain  elements  on  iron,  lead  and  cop- 
per. The  relation  of  atomic  weight  to  this  question  was  investigated.  Lon. 
Eng.,  Nov.  6,  13,  1891. 

Aluminum.    See  Testing  of  Metals,  Waterlown  Arsenal. 

— .  A  lecture  of  A.  E.  Hunt  before  the  Franklin  Institute  describing  pres- 
ent condition  of  its  production,  prospects  of  cheapening  it,  uses,  etc,  Abstract 
R.  R.  Gaz.,  April  29,  1892,  pp.  307-9.  Abstract,  Eng.  News,  May  5,  i892,  pp.  450- 
1.  Iron  Age,  April  14,  i892.  Ry.  Rev.,  May  7,  1892.  See  Jour .  Frank.  Inst., 
April,  i892. 

.     The  Chemical  Anatysis  of.      By  A.  E.  Hunt,  G.  H.  Clapp,  and  James 

O.  Handy.    Am.  Mfr.,  Feb.  26,  Mar.  4.  1892. 

.     The  Uses  and  Applications  of  Aluminum.     Paper  by  G.   L.   Adden- 
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brooke-  Jour.  Soc.  Arts,  May  13,  1892,  pp.  661-66.  Am.  Arch..  June  4,  1892,  pp. 
150-2.    Sci.  Am.  Sup.,  June  18,  i892. 

Aluminum.  On  the  Influence  of  Mechanical  Treatment  upon  the  Susceptibility  to  At- 
tack by  Chemical  Agents .  By  Dr.  Arche.  Dinglers  Polytechnisches  Jour., 
Vol.  284,  p.  255. 

Ammonia.  Recovery  of  Ammonia  from  Blast  Furnace  Gases.  Description  of  the 
plant  and  process  used  at  Carnbroe,  Eng.  E.  &*  M.  Jour.,  Oct.  1892,  pp. 
345-6- 

Ammonia  Gas  Compressors.  On  the  Use  of  Oil  and  its  Influence  on  the  Efficiency  of 
them.  By  Dr.  Haus  von  Strombeck.  Report  on  experiments  made'  in  Labor- 
atory of  ttte  De  la  Vergne  Ref.  Mac.  Co.  Illustrated.  Jour.  Frank.  Inst., 
April,  1892. 

Anchoring  Bolts  in  Stone.  Account  of  five  experiments  on  sulphur  and  lead.  By 
E.  F.  Miner.    Eng-.  Record,  June  18,  i892,  p.  47. 

Annealing.     Iron  and  Steel.     See  Iron  and  Steel. 

Aqueduct.    St-  Louis    Water    Works  Extension  Aqueduct.    See  Contractors  Plant. 

Aqueduct.    See   Water   Works. 

Arc  Lights.  Normal  and  Hissing'  Arcs.  By  J.  R  Cravath.  An  interestin  g  paper  treat- 
ing only  of  the  action  of  the  arc  itself.    Illus.    Elec.  World,  March  [9,  1892. 

Arch.  Albany  Street  Masonry  Arch.  Plan,  elevation  and  details  of  an  arch  bridge 
of?  spans  of  75  ft.,  at  New  Brunswick.  N.  J.  The  arch  ring  is  of  brick,  Gen- 
eral specifications  given.     Eng.  News,  April  16,  1892,  pp.  373-4. 

■.     Construction  of  Gour-Noir  Viaduct,  France.    Detailed  account.    Stone 

arch  of  60  meters  span.  Roadway  supported  on  small  transverse  arches  rest- 
ing upon  the  main  arch.  Fully  illustrated.  By— Draux,  Annates  des  Pouts  et 
Chaussees,  April,  i892,  pp.  545-96. 

Arch  Bridge.    See  Bridge. 

Architecture.  Modern  Tendency  of  American  Architecture.  Modern  tendency  of 
the  Gothic,  Romanesque  and  Renaissance  styles  of  architecture  in  America. 
Jour.  Assn,  Eng.  Soc,  Aug.  1892,  pp.  391-401. 

Architects  Offices.  Office  of  Geo.  B .  Post,  New  York.  Plan  of  orifice  with  details 
of  apparatus  for  printing.  Organization  described.  Eng.  Record,  Nov.  7,  1891, 
pp.  352-3.     Office  of  Ale  Kim,  Mead&>  White,  N.  V.,  id.,  Dec.  5.  1891. 

Areas,  New  Me/hod  of  Calculating.  By  Chas.  S.  Howe.  Application  of  the  rectan- 
gular co-ordinate  method.     Jour.  Assn.  Eng.  Soc,  Dec.  1  91,  pp.  585-7. 

Armor  Plate.  The  Development  of  American.  By  F.  Lynwood.  A  paper  giving  a 
brief  sketch  of  the  development  of  armor  plate.  Illustrated.  Jour.  Frank. 
Inst.,  May,  1892. 

Armour  Trials.  Armour  Tests  and  Development.  A  resume  and  discussion  of  the 
various  armour  trials  recently  made  in  the  United  States.  Illus.  Sci.  Am. 
Sup.,  Jan.  16,  1892,  pp-  i336  -7i.  Also  reprint  ot  an  article  in  the  N.  Y.  Sun  on 
same  subject,  ibid.,  pp.  i337i-2. 

-.     Nickle-Steel  Armour    Tests.     Brief  accounts  of  tests  made  on  Jan. 

12,  showing  nickle-steel  to  be  again  superior  to  all  steel  plates.    Eng.  News, 
Jan.  23,  1892,  p.  73. 

Artesian  Well,  St.  Augustine,  Fla.  Analysis  and  geological  section.  Eng.  News, 
April  2,  1892.  pp.  32  -9. 

Artesian  "Wells  in  Iowa.  General  description  of  their  location  and  geological 
formation  of  the  country.     By  E.  E   Call.    Science,  June  3,  i892,  pp.  3ic-n. 

.    See   Wells  and  Water  Supply. 

Asphalt.  Pavements  in  New  York.  Abstract  of  a  report  of  Stevenson  Towle,  con- 
sulting engineer,  giving  a  description  of  the  Trinidad  deposits  from  a  personal 
visit.    Eng.  A7ews,  May  5,  1892,  pp.  463-4. 

Axles.     See  Car  Axles. 
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Backwater,  from  Dams.  Abstract  from  report  by  Board  of  Engineers  on  the 
question  of  improvement  of  the  Warrior  River.  Gives  formulae  adopted  and 
method  of  computation.    Eng.  Rec.  July  9, 1892,  p.  91 

Bank  Protection.    See  Bridge  Piers. 

Batteries.     See  Electric  Batteries. 

Beams.    See  Floor  Beams. 

Bearing.  New  Self-Lubricating  Bea7-ing.  Account  of  the  remarkable  performances 
of  a  new  bearing  made  of  graphite  and  wood  pulp.  Eng:  News,  May  i9,  i892> 
pp.  495-6. 

Bearing  Metal  Alloys.    See  Car  Journals. 

Belting.  Paper  by  Charles  A.  Schieren.  Entitled  ''From  the  Tannery  to  the 
Dynamo,"  read  before  the  Nat.  Elect.  Light  Assoc.  Illus.  Elec,  Eng.  March  2, 
i892. 

Bevel  Gear  Teeth.  Limiting  Number  of  Involute,  By  Geo.  B.  Grant.  Study  of 
interchangeable  involute  bevel  gear  teeth,  with  mathematical  treatment  of 
same  problem.    Illus.  A?n.  Mack.,  Feb.  4,  i892. 

Blast  Furnace.  Notes  on  the  Selection  of  Iron  Ores,  Limestones  and  Fuels  for  the 
Blast  Furnace.  Paper  by  Fred  W.  Gordon,  presenting  rules  and  formulas 
with  discussion.  Trans.  A.  S-  M.  E.,  i89i,  pp.  11.  Reprint,  Eng.  News,  Feb. 
20,  1892,  pp.  i74-5. 

.    Recovery  of  Ammonia.     See  Ammonia- 

.  Rock  Drill  for  Opening  Tapping  holes  of.  Short  Illustrated  des- 
cription of  a  recent  successful  test,  showing  methods  of  mounting  and  feeding. 
Economy  of  this  method.    Eng.  News,  Nov.  3,  i892,  pp.  427. 

Blast  Furnace  Slags.  Their  Calculation  by  Graphic  Methods.  By  A- J.  Rossi.  Ex- 
planation and  diagram.    Iron  Ag'e,  Feb.  25,  1892,  pp-  342-3 

Blasting.    See  River  Improvement. 

Block  System.  Uniform  Rules  for  the  Worki?ig  of.  Considerations  for  the  de- 
termination of  rules,  Signals  and  Appliances  for  the  block  system.  R.  R.  Gaz.\ 
Oct.  i4,  i892,  pp.  761-2.    Eng.  News,  Oct.  13,  1892,  pp.  355-6. 

Boiler  Construction.  Stayed  Surfaces.  Treats  of  the  staying  of  curved  surfaces. 
Gives  abstract  of  U.  S.  Government  rule  for.  Locomotive,  March,  i892  pp.  34-9. 

Boiler  Explosion.    A  Disastrous.     A  full  account  of  the  explosion  in  S.  F.  &•  W.  R. 

R.  shops  at  Savannah,  Ga.  Illus.  Am.  Mach.,  March  24, 1892. 
.      A  letter    from   W.    H.    Francis    describing    boilers    of    Savannah 

explosion  more  fully  than  given  in  issue  of  March  24.  Illus.  Am.  Mach.,  April  i4 

1892. 
.      The    Warren  Springer  Boiler  Explosion  at   Chicago.        Abstract  of 


apaperby  A.  F.  Nagle  before  the  Am.  Inst.  Arch,,  discussing  the  probable 
cause  of  the  explosion.  R.  R.  Gaz.  Feb.  iq,  1892,  pp.  I34-6.  Power.  March 
1892. 

Boiler  Explosions  in  1890,  Record  of  boiler  explosions  giving  cause  of  failure  and 
sketch  of  broken  boiler.    Lon.  Eng.,  Oct.  23,  1891,  pp.  490-2. 

Boiler  Flues.  Lap-Welded  Flues,  and  other  methods  of  joining  built  up  flues. 
Illustrated  description.    Locomotive,  Oct.  i892. 

Boiler  Furnaces.  The  Hawley  Down  Draft  Smokeless  Furnace.  In  this  there  are 
two  sets  of  grate  bars,  the  upper  one  consisting  of  water  tubes  widely  spaced, 
and  the  lower  being  a  rocking  gate.  Combustion  takes  place  between  the 
grates,  air  being  admitted  from  above.  A  practically  smokeless  furnace.  Illus- 
tration with  results  of  tests.    Eng.  News-  Jan.  30,  i892,  pp.  9S-9. 

.      The    Use  of  the    McOlave     Grate    and   Argand    Steam    Blower  in 

Utilizing  Small  Sizes  of  Anthracite  or  Bihi?ninous  Slack  in  Boiler  and  Similar 
Furnaces.  By  R.  J.  Foster.  Gives  an  illustrated  description  with  theory  of  ac- 
tion of  the  steam  blower.    Trans.  A,  S.  M.  E.,  1891,  pp.  10. 
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Boiler-Scale.  Purification  of  Feed  Water.  Cause  of  and  contrivances  to  prevent 
its  formation.      R.  R.  Gaz.,  Sept.  3o,  1S92.  pp.  7i8-2o. 

Boiler  Tubes.  Calculation  of  the  Strength  oj '.  C.  Bach,  Z'ls'  des  Vereines  Deutscher 
Ingenieure,  31  October,  i8qi,  pp.  i23S-4o. 

Bciler  Tubes.  Tests  of  Boiler  Tubes  of  Iron  andSteel.  Results  of  some  compara- 
tive tests  as  regards  effect  of  heating  and  cooling.  Made  by  A.  Blechynden  of 
Barrow,  Eng.    Eng.  News,  July  28,  i8q2,  p.  90. 

Boilers.  A  Novel  Method  of  Setting  used  at  the  Wellman  Iron  &  Steel  Co.,  Thur- 
low,  Pa.  Boiler  separate  from  the  furnace.  Record  of  test  and  details  of  con- 
struction.   Eng.  News,  Oct.  13,  i892,  p.  342. 

.    Babcock  and  Wilcox  vs.  Heine.   Results  of  comparative  test  under  the 

direction  of  Chas.  E.  Emery  and  M.  E.  Cooley.  The  Babcock  and  Wilcox 
shows  considerably  the  greater  economy.  Am.Mfr.,  April  i,i892,  pp.  585-b. 
The  above  tests  with  a  statement  of  the  Heine  Safety  Boiler  Co.,  explaining 
the  nature  of  the  tests  and  conditions.    St.  Ry.  Jour.,  April,  i892. 

.  Boiler  Feed  Waters  and  Incrustation.  Abstract  of  a  paper  by  Harry  Sil- 
vester of  England  discussing  the  action  of  various  impurities  in  Water.  Ry. 
Rev.,  Aug  27,  i892.  pp.  541-2 

.     Contaminated  Water  for.      Illustration  showing  the  corroding  effect  of 


bad  water.     The  Locomotive,  Dec.  i89i,  pp.  177-80.    Age  of  Steel,  Jan.  16,  i892. 

.    Corrosion  in  Stea?n  Boilers.   A  paper  by  J.  H.  Paul,  describing  first  the 

process  of  iron  manufacture  and  then  discussing  the  action  of  various  feed 
waters  upon  the  boiler.    Analyses  given.     Trans.  Soc.  C.  £.,  1891,  pp.  147-86. 

.    See  Engine  Testing. 

. '  See  Horse  Power  of  Boilers. 

,  Marine.     The  Modern  Marine  Boiler.    An  illustrated  popular  article  by 


A.  B.  Willits,  U.  S.  N.  Eng.  Mag.,  June,  1892.  pp.  350-56. 
Boilers.      The  Modern  Marine  Boiler.     A  paper  by  A.  B.  Willits,  U.  S.  N.,  giving  a 

general  description  of  the  boilers  of  the  New  York,  and  discussing  the  general 

methods  of  construction.      From  Eng.  Mag.,  Sci.  Am. Sup.,  Sept  3,  i892,  pp. 

1395-6. 
.  New  Typcoftke  Belpaire.  Description  of  new  type  of  locomotive  boiler 

used  on  the  Belgian  State  Railroads.     Cuts  given.     R,  R.  <&»  Eng.  Jour., 

Oct.  1892. 
.    Some  Details  in  the  Construction  of  Modern  Lancashire  Boilers.     These 


boilers  are  fed  with  poor  water  and  fired  with  slack.  Illustrated  description 
and  discussion  of  details.  By  Samuel  Boswell  before  the  Inst.  M.  E.  Reprint, 
Mech.  Wot  Id,  Oct.  30,  i89i,  et.  sea.,  Lon.  Eng.,  Nov.  20,  1891,  pp.  608-11. 

.     Tests  of  a  Locomotive  Boiler.  First  as  stationary,   second  as  running. 

Full  description  of  methods  used,  with  diagrams  and  tabulated  results.  Lon. 
Eng.,  Oct-  21.  i892,  pp.  501-504. 

-.    Testing  Materials  for.  Description  of  the  methods  used  by  the  Babcock 


&  Wilcox  Co.      Illustrations   of  various  test  specimens.     Iron  Age,   Nov.  19, 
1S91,  pp.  867-9. 

Bolts.     See  Anchoring  Bolts  in  Stone. 

.    The  Maximum  Variation  in  Size  of  Rough  Iron  for  U.  S.  Standard.   An 

interesting  article  containing  a  table  of  standard  sizes  of  screw  threads  for  bolts 

and  taps.     IUus.  Am.  Mach. .  May  12,  1892. 

Borings.  Sinking  Foundation  Test  Holes  with  a  Water  7 et.  Description  of  appara- 
tus used  to  sink  igq  test  holes  at  Providence,  R.  I.  Average  cost  sixteen  cents 
per  foot.  Illus.  Eng.  Record,  Jan.  9,  i892,  p.  95. 

Brake  Tests.  Comparative  Tests  of  New  York  and  Westinghouse.  A  condensed  ac- 
count of  three  tests  made  by  C.  B.  &  Q.  R.  R,.  giving  tabulated  results.  Mast. 
Mech.,  March  i892. 


INDEX    ANNUAL   SUMMARY.  615 

Brake  Tests.  Lehigh  Valley  R.  R..  Comparative  tests  of  the  New  York  and  West- 
inghouse  airbrakes.  Eng.  News,  Feb.  27,  i8g2,  pp.  2o8-9.  See  also  discus- 
sion and  results  of  further  tests,  id.,  March  5,  1892,  p.  231.  Full  report,  R.  R. 
Gaz.,  Feb.26,  i892,  pp.  1 52-3.  Further  tests  of  the  New  York  Brake,  R.  R.  Gaz., 
March  4,  1892,  pp.  167-8.     Ry.  Rev.,  Feb  27,  i!:92. 

.     Rack  Tests    to  Determine  Standard  Regniremcnts  for   Train   Brakes. 

Made  under  the  supervision  of  the  M.  C.  B.  committee  and  giving  some  very 
excellent  results.     Eng.  News,  Mas'  5,  i892,  pp  452-3 

.    Recent  Brake    Tests  at  Burlington.  Results  of  tests  of  the  action  of  the 


New  Triple  Valve  of  the  N.  Y.   Air   Brake   Co,     Eng.  News,   Feb.  i3,  1892. 

Schedule  for  Standard  Efficiency  for  Air  Brakes.  Revised  schedule  of 


M.  C.  B.  committee  specifying  kind  and  methods  of  tests.     Eng.  News,   Apr. 

28,  i!;92,pp.  428-9.      R.  R.  Gaz.,  April  29,  1892,   pp.  3io-ii.    Ry .   Rev.,  April  30, 

1892, 
Brake  Valve.     New  Trifle  Valve  of  the  New  York  Air  Brake  Co.  Full  detail  draw- 
ings with  explanation  of  manner  of  action  under  Various  conditions.  Eng.  News, 

Feb.  13,  i89->,  pp.  i58-6o.    Ry.  Rev-,  Feb  i3.  i892,  pp.  97-8. 
Brakes.     Hinckley  Automatic  Brake-Slack  Take-  Up .      Illustrated  description  with 

Diagram,  trom  results  of  a  test,  showing  workings  of  the  attachment.  R.  R. 

Gaz.,  Jan.  22,  1892,  p.  56. 

.    Kinsman  Emergeticy  Brake,      See  Railroads. 

.     Track  Brakes.     Description  of  several  forms.    Illus.    By  Frank  Van 

Vleck.  St.  Ry.  Jour  ,  April.  1892,  pp.  210-13. 
Brakes,  Continuous.     Eavipment  of  the  English  Railways  with.     Numerous  tables 

By  Sehey,  Ry.  Inspector.      Archiv.fur  Eisenbahmvesens  1891,  Ht.  5,  pp-  777-95 
Brick.      Compressive  Strength  of.      Results  of  tests  on   12  hydraulic  pressed  brick 

made  at  the  Watertown  Arsenal.     Brick  tested  flatwise.    Eng,  News,  Dec.  12. 

i89(,p.  575. 
.      Tests  of  Vitrified  Paving  Brick.      Results  of  several  tests  made   at 

Wilmington,  Del.    Eng.  News.  Jan  9,  i892,  p,  40. 
.     Tests  of  Vitrified  Paving  Brick.     Results  of  absorption,  specific  gra- 


vity, tumbling  and  grinding  tests  upon  twelve  kinds  of  paving  brick,  at  Wash- 
ington, D.  C.  Eng.  Record,  Feb.  20,  i892,  p.  ig9. 

.    Paving,    Results  of  Test  by  Actual  Use.  See  Pavements. 

.    Paving.   Tests  of,  at  Boston.  Results  of  several  Tests.  Eng.  News,  June 


2,  1892,  p.  569. 
Brick  Beams.      Experiments  on  the  Strength  of ',  at  Natrai,  India.      By  W.  R.  Will- 
iams-     Thirty  experiments  were  made  on  beams  from  69  to  271  days  old.      The 
resulting  moduli  of  rupture  varied  from  75  to  r-o  lbs.  per  sq.  in.  Ind.  Eng.,  Jan. 
9,  1892,  pp.  34-7.    Abstract  R.   R.    Gaz.,  Feb,  26,  1832,  p.  161. 

Brick  Manufacture  and  Brick  Pavement,     By  F.  A.  Calkins.  Methods,  plants  and 

Brick  Pavements.      Illus.      With   Discussion.      Trans.  Am.   Soc.    C.  E.   Vol. 

XXVI.,  Apr.,  1892,  pp.  363-426. 
Bridge  Accident.      Fall  of  the  Covington  and  Newport  Bridge.      Description,  view 

from  photograph  immediately  after  accident,  and  diagram  of  structure.    Eng. 

Record,  June  25,  i892,  p.  25.      Coroner's  report  as  to  cause.     Eng .  News,  Aug. 

4,  1892,  p.  n7. 
.    Licking  River  Bridge    Wreck.      Description  of  the    wreck    and  de 

sign  and  arrangement  of  false  work.    Illus.    By  Prof.  Ward  Baldwin.     R.  R. 

Gaz.,  July  1,  i892,  p.  486.  Brief  account,  Eng.  Nezvs,  June  23,  i892,  pp.  635-8. 

The   Moenchenstein.       Abstract    of  the  report  of    the  technical    ex- 


perts appointed  to  investigate  the  cause  of  this  accident.     Eng.  News.  Dec.  26, 
1891,  pp.  609-10. 
Bridge  Building.    A  Short  History  of .    By  C.  R.  Manners  in  Lon.  Eng.    Illus.  Ab- 
stract, Eng.  Rec,  Jan.  30,  1892,  p.  45.  See  Lon.  Eng.,  Jan  1,  8,  i5,  i89i,  el  sea. 
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Bridge  Building,  In  America.  A  good  illustrated  description  of  the  growth  and 
modern  tendency  of  bridge  building  in  America.  Eng.  Mag-.,  Oct.  i8q2,  pp. 
17  37. 

Bridge  Computations.  German  Practice  as  to  Computing'  Bridge  Strains.  Example 
of  standard  strain  diagrams  and  description  of  an  instrument  for  measuring 
compression  and  tension  in  bridge  members.  Eng.  News,  Feb.  27,  1892,  pp. 
192-3. 

Bridge  Construction.     See  Shop  Work  Inspection- 

Bridge  Designing.  Some  Disputed  points  in  Railway  B'-idge  Designing.  A  paper  by 
J.  A.  L.  Waddell  advocating  unifoim  loads  in  computing  stresses,  and  discuss- 
ing various  details.  Trans.  A?n.  Soc.  C.  E.,  February— March,  1832,  pp. 
77-1  r».  The  paper  is  followed  by  a  very  extended  discussion,  pp.  112-282.  Ab- 
stract in  Eng.  Bee,  Dec.  12,  1S91,  et  seq.  Abstract  in  Eng.  News,  Dec.  12, 
j  89 1,  et  seq. 

Bridge  Details.  Improvement  i?i  Skew  Pin  Cotmections.  Typical  diagrams  showing 
the  use  of  the  skew  pin  connections  designed  by  Mr.  C.  Steiner.  Eng.  News, 
Dec.  26.  1891,  p.  6o4. 

.      A   valuable  paper  by  E.   Swensson,  read  before  the    Engrs.  Soc. 

West.  Pa.  Discusses  the  design  of  the  various  members.  Discussion  by  other 
engineers tollows.    Abstract,  K.  R.  Gaz.,  Feb.  26,  i8°2,  pp.  156-7,  160-1. 

Bridge  Erection.     Cincinnati  Cantilever  Bridge.     See  Bridges,  Cantilever. 

.      Dufferin  Bridge.     Temporary    piers   of  screw   piles,    construction 

and  erection  of  the  superstructure.  Eng.  Rec, Jan.  9,  i892,  p.  92.  Tests  of 
bridge,  time  ot  erection,  cost,  etc.,  id.,  Jan.  3o,  i892. 

.        Wabash    Street  Bridge,  St.    Paul.    Minn.       A    cantilever    bridge. 


General  description  of  conditions,  with  details  of  channel  span  traveler.    Eng. 
Rec,  Dec.  26,  i8qi,  pp.  58-9. 

.      Red  Rock    Cantilever  Bridge.       Illustrated    articles  describing  this 

work.    Eng  Rec. ,  May  7,  i892,  et  seq.   See  Bridges,  Cantilever. 

.      Erecting  the   Kentucky  River  Bridge  at  Irvine,    Ky.    The   channel 


span  of  220  ft.  was  erected  upon  two  temporary  Howe  trusses,  a  temporary  pier 
having  been  built  in  the  river.  Illustrated  description.  By  J.  H.  Pearson. 
Eng.  News,  May  26,  1S92,  pp.  542-4. 

Erection  of  the  820   ft    span    of  the  Lansdowne    Bridge.       From 


paper  by  F.  E.  Robertson  in  Proc.  Inst.  C.  E.    Eng.  Rec-,  April  9,  i892,  et  seq. 

Bridge  Floor.    For  Holding  Ballast-    See  Bridge. 

.     See  Railroad  Track. 

Bridge  Guard.  Rer ailing  Device.  Used  by  the  Netherland  State  Railways.  Illus- 
trated description.    Railway  Age,  Oct.  28,  1892.    Ry.  Rev.,  Oct.  29,  i892. 

Bridge  Legislation,  A  report  of  a  committee  of  the  Western  Soc.  of  Engineers, 
giving  a  brief  discussion  of  this  subject  with  the  regulations  of  England, 
France,  and  Austria,  the  Massachusetts  law,  and  other  proposed  laws.  four. 
Assn.  Eng-  Soc,  Nov.  i89i,  pp.  517-48. 

.      Discussion  by  Horace  E.    Horton  of  a  report  of  a  committee  of  the 

West.  Soc.  Engrs.,  criticising  the  suggestions  contained  in  it.  four.  Assn. 
Eng.  Soc,  Feb.  iS92,  pp.  54-64. 

Bridge  Members.     See  Girders. 

.    See  Steel. 

Bridge  Piers.     Cantilever  Bridge  at  Cincinnati.    See  Bridges  Cantilever. 

.  Fort  Smith  Bridge,  Fort  Smith,  Ark.  Piers  and  abutments  construc- 
ted of  concrete.  Timber  pneumatic  caissons.  Short  illustrated  description. 
Eng.  Record,  Oct.  22,  1892,  pp.  324-5. 

.      Protecting  Pile   Piers  from   Strong  Currents  and    Washouts.     See 

Bridges,  Eraser  River. 
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Bridge  Piers.      Protecting'  Bridge  Piers  Against  Washouts.     Brief  illus.  description 

of  a  method  of  protecting  banks,  bridge  piers,  etc.,  by  means  of  heavy  stones 

fastened  together  by  iron  links.  Abstracted  from  Wochenschrift  des  Oest.  Eng. 

W.  Arch.    Verein.    Eng.  Record,  Jan.  i9,  i89i.  p.  112. 
.    Removal  of  a  Masonry  Pier  at  Stettin,  Germany.      Illustrated  account 

of  the  removal  of  a    pier  and  its  pile    foundations.      From    Centralblatt  der 

Bauver-waltung .    Eng.  News,  July  14,  1892,  p.  32. 
Bridge  Specifications.      Cantilever  Highway  Bridge  over  the  Ohio  River  at  Cincin- 
nati.   Full  set  of  specifications  of  substructure,  superstructure  and  caisson. 

Trans. A.  S.  C.E.,  Aug.  1892,  Vol.  XXVII,  pp.  194-220. 
.    Proposed  by  F.    H.  Lewis,  before  Eng.  Club  of  Philadelphia.     See 

Bridges.  Soft  Steel. 
Bridge  Stresses.      Convenient  Wheel-Base  Moment  Diagram.     Described  by  C  A. 

P.  Turner  of  Wilmington,  Del.      Contains  many  useful  features.  Eng.  News, 

May  26,  1892,  p.  529. 
.    Diagram  for  Draw  Span  Reactions.  By  J.  A.  L,  Waddell.  Constructed 

by  plotting  end  reactions  for  a  number  of  different  bridges.     R.  R.  Gaz.,  Jan. 

8,  i892,  p.  i7. 
,    In  Portal of 'Through  Bridge.     A  simple   method  "of  computing  the 

stresses  in  a  portal,  considering  the  stresses  due  to  deflection  ot  end  posts. 

Jour.  Assn.   Eng.  Soc,  Oct.  1892,  pp.  5i3-5i6. 

.      Maximum  Stresses  in  Draw-Bridges.      Paper  by   Prof.  M.   H.  Howe, 

describing  a  method  of  computing  stresses  by  the  aid  of  diagrams  and  graph- 
ics,    four.  Assn.  En?.  Soc,  July,  il92,  pp.  371-8. 

.      Stresses  in  Railway  Bridges  and  Curves.     A  paper  by  Ward  Baldwin 

giving  a  complete  investigation  of  the  effect  of  curvatareupon  Stresses.  Trans. 
A.  S.  C.  £.,  Vol.  XXV.,  Nov.  iS9i,  pp.  459-92.    Discussion,  pp.  492-500. 

Bridge  Truss.  The  Stearns  Truss  for  Highway  Bridges.  A  long  panel  Pratt  truss 
with  a  new  method  of  supporting  the  intermediate  panels.  Illustrated  descrip- 
tion.   Eng.   News,  July  21,  i892,  pp.  52-3. 

Bridges.  A  are  Bridge  at  Coblentz,  P??eumatic  Foundations  for.  Brief  description 
with  illustrations  of  caissons.    Eng.  News,  April  9,  1892,  p.  357. 

.    A  N tw  Sty le  of  Iron    and  Ballast  Bridge  Floor.     Ballast  placed  in  V 

shaped  tioughs  made  of  plates  and  angle  irons,  riveted  to  plate  girders.  Short 
description  and  details.    Eng.  News,  Oct.  27,  i892,  p.  386. 

Bridging  Canons  Lengthzoise.      Description  ol  two  such  bridges,  with 


detail  illustrations.  By  H.  V.  Hinckley.  Trans.  Am.  Soc.  C.  E.,  Vol.  XXVI, 
May,  i89i.  pp.  521-28.  One  of  the  bridges  illustrated  in  Enp.  Rec,  July  q, 
i892,  p.  95. 


: — .     Canal Aaueduct.     Iron  lattice  girder <,  span  6a  't.  skew.      Canal  28  ft. 

wide,    6  ft.  deep.      Short  description  with  details.       Eng.   Rec,  Oct.  1,  i892. 

p.  278. 

.     Cantilever.    See  Bridges,  Cantilever  i  Beiow. 

.     Cantilever  Supports  for  a  Swing,  Span,     Proposed    design-by  A.    D. 

Ottewell  for  the  Darling  Harbor  Bridge      Eng.  News,  Nov.  10,  i892,  p.  441. 

.     Cincinnati  Cantilever  Bridge.    See  Bridges,  Cantilever. 

,  Crossing  Large  Rivers,    f.ocationof.    Paper  by  A- Zdziarski  giving  the 

present  rule  and  practice  adopted  in  Russia  for  the  location  and  determining 
of  clear  span  of  bridges.    R.  R.  &-■  Eng.  four.,  Aug.  and  Sept.  1892,  et  sea. 

.    Disputed  Points  in  Railroad  Bridge  Designing.     Abstract  of  paper  by 


J.  A.  L.  Waddell  before  the  A.  S.  C-  E.  advising  the  adoption  of  a  set  of  stand- 
ard moving  loads  lor  all  lengths  and  types  of  trusses.  Other  disputed  points 
in  computing  wind  pressure,  style  of  trusses  for  different  spans,  unit  stresses, 
etc.  Abstracts  of  numerous  discussions.  R.R.  Gaz.,  Oct.  i4,  1892,  pp.  772-3. 
et  seg.       e<=.  also  Bridge  Designing. 
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Bridges.    Draw.     See  Bridges,  Drazu,  Below. 

,Dufferin.      Description  of  the  sinking  of  the  large  brick  wells  for    the 

piers.    Eng.  Rec,  Dec.  ig,  i8qi,  p.  41. 
.    Double  Track  Railroad  of  the  Chicago  South  Side  Elevated  R.  R,  over 


the  111.  Cent.  R.  R.  at  53rd.  St.    Span  229  ft.     Details  and  Strain  sheet.      Rai 
way  Age,  Sept.  23,  1892. 

.    Failure  of.    Lattice  girders,  i3o  ft.  long,  i3  ft.  high.    Failure  caused  by 

buckling  of  upper  chord.     Lon.  Eng.,  Sept.  9,  iS92,  p.  329. 

.    Failure  of  the  San  Miguel  Bridge,  caused  by  the  settlement  of  one 

abutment.    Eng.  News,  Sept  1.  i892,  p.  i9S. 

.  Floating.  Illustrated  description  of  bridge,  engines  and  gearing.  Dis- 
cussion of  advantages  and  disadvantages  of  floating  biidges  with  examples. 
The  Engineer,  Sept.  I,  1892,  pp.  2668. 

.    Floating  Jack-Knife  Bridge  over  the   Chicago  River,    Canal   Street, 

Chicago.      Span  80  ft,   short  illustrated  description.    Railway  Age.,  Nov.  25, 
i892. 

.  Eraser  River,  Canadian  Pacific  Railway .  A  fission  Branch.  Short  de- 
scription and  details  of  timber  Howe  Truss,  draw  span,  233  ft.  long.  Arched 
top  chord.  Method  for  protecting  pile  foundation  in  strong  current.  R.  R. 
Gaz.,  Nov.  2S1  1892,  p.  875. 

Girders.      Standard  Types  of  Plate  Girder  Bridges,  Swiss  Northeastern 


Railway.  Illustrations  of  two  types  having  continuous  ballast  floors.  Eng. 
News,  March  26,  i892,  p.  271. 

,  Girders.     Two  Long  Span  Plate  Girder  Bridges.    Inset  giving  complete 

illustrations  of  two  plate  girders;one,  io3  ft.  long  at  Newport,  Pa.,  the  other 
102  ft.,  9  in.  long  at  East  Berlin,  Conn.  Eng.  News,  April  2,  1892,  p.  316. 

.    Harlem  River  Bridge  at /jjlh  si ,   New  York.  Brief  description  of  this 

proposed  bridge  consisting  ofa4ooft.  draw  span  and  several  lattice  girders 
forming  the  east  approach.  Viaduct  approach  on  the  west  lllus.  Eng.  News, 
May  ;6,  1:92,  pp. -26-7.  Description  of  the  foundations  by  Daniel  E.  Moran. 
A'.  R .  Gaz.,  June  3,  1892,'p.  404. 

.     High  Level  Steel  Bridges  and  Low  Level  Approach.    Proposed  method 

of  communication  across  the  Thames  between  Ratcliff  and  Rotherhithe.  Clear 
span  782  ft.  Hydraulic  power  ior  raising  platlorms  to  high  level.  Short  illus. 
description.     Lon.  Eng.,  Oct.  28,  i892,  p.  363.    Eng.  Rec,  Nov.  i9,  1892,  p.  396. 

.    fnverted  Bowstring  Bridge  over  the  Luka  River,  Bosnia.    Iron  truss  i85 

ft.  span,  27  ft.  deep  at  center.  Short  illustrated  description.  Eng.  News,  Oct. 
6,  i892,  p.  33i. 

,  Iron.    An  End-Adjusting  Gear  for.     Illustrated  description  of  a  device 

tor  relieving  the  portion  of  the  upper  chord  over  the  middle  support  thus  caus- 
ing the  two  spans  to  act  independently.  By  C.  A.  P.Turner  and  P.  A.  War- 
ner.   Eng.  News,  April  16,  it92,  pp.  3  6-7. 

.    Lift  Bridge  over  the  Harlem  River.     A  plate   girder  bridge  of  92.  5  ft. 

span,  hinged  at  one  end.  Illustrated  description.  R.  R.  Gaz .,  June  10,1892, 
p.  424. 

,  Memphis.    Details  of  the  Anchor  Span  and  Ca?ttilever  for  the  Memphis 


Bridge.     Inset  of  details.    Eng.  News,  June  16,  1892. 

.    Memphis  Bridge.     Details  with  insets  of  central,  intermediate  and  deck 

spans.    Eng.  ATews,  Sept.  15,  1892. 

-,  Memphis.     General   description,   abstract  of  specifications,  and    view 


showing  stage  work  on  March  28,   1892.      Eng.  News,   May  12,   1892,   pp.   470-2. 
Brief  description,  A".  A3.    Gaz.,  May  i3,  iS92,  pp.   342-3. 

.    Pecos  River.    Short  illustrated  description  of  this  bridge.    2c8o  ft.  long, 

328  ft.  high.    One  cantilever  span,  1S5  ft.  48  spans  of  35  ft.  and  65  ft.  alternately. 
R.  R.  Gaz.,  Oct.  28,  1892.  p.  S02. 


INDEX— ANNUAL   SUMMARY.  619 

Bridges.  Plate  Girder,  A  Thin  Floor.  Details  of  a  55  ft.  span  plate  girder  with 
I-beams  for  floor  beams,  supported  at  the  lower  flange  of  the  girder.  Eng. 
News,  April  9,  i89z,  pp.  344-5. 

.    Plate  Girder  Bridge,   State  St.,   Rockford,  III.     Consists  of  five   steel 

plate  girder  spans  each  nearly  9o  ft.  long.  Description  and  inset  of  details.  Eng. 
News,  Feb.  27.  i892,  p.  205. 

.    Plate  Girder.    See  Exposition,  Columbian. 

.    Pollet  Swing  Bridge.    See  Bridges,  Draw. 

,    Portsmouth  Floating  Bridge.      Discussion  of  the  methods  of  crossing 

riyers  by  open  bridges,  ferries  and  floating  bridges,  with  examples  showing  ad- 
vantages and  disadvantages  of  each.  Description  of  the  Portsmouth  Floating 
Bridge.    Illustrated.    Lon.  Eng.,  Oct.  7,  1892,  pp.  463-5. 

.    Proposed  Bridge  Across  the  English  Channel.      Illustrated  description 

with  details  of  foundations  and  piers.  Commercial  prospects  of  the  bridge. 
~L.OYi.Eng.,  Sept.  23,  i892,  pp.  373-6. 

.    Proposed  Lift  Bridge,  Duluth,  Minn.    A  simple  truss,  257  ft.  long  to  be 


raised  and  lowered  by  means  of  cables  through  a  range  of  133  ft  Inset  of  de- 
tails.   P.  R.  Gaz.,  April  8,  1892,  pp.  259-61. 

.     Re-Construction  of  Ninth  Street  Bridge,  Pittsburg,  Pa.    Description  of 

methods  used  in  lemoving  old  bridge  consisting  of  wooden  arch  trusses  four 
spans  200  ft.,  one  span  i9o  ft.  and  replacing  by  new  steel  Pratt  trusses,  three 
spans  205  ft.,  two  spans  153  ft.  Reconstruction  of  masonry  piers.  Engrs.  Soc. 
Western  Penn.,  Pittsburg,  Sept.  20,  1892.  Abstract  in  Eng.  Record,  Oct.  8, 
i892. 

Riparia  Bridge,  Snake  River.      Illustrated  description  with  details  of 


girders  supporting  the  diaw  span.  Specifications  also  given.  The  draw  span  is 
raised  by  an  hydraulic  plunger  by  which  it  is  supported  while  being  turned. 
Sci.  Am.  Sup.,  No.  833,  Dec.  i9,  1891,  pp.  13303-5.  From  Lon.  Eng.,  Nov.  6, 
1S91. 

.    See  Viaduct.     Transfer  Bridge. 

.    Skew .    See  Railroad  Crossing. 

,  Soft  Steel  in .    Abstract  of  discussion  by  F.  H.  Lewis  in  his  paper  on  the 


above  subject  before  the  Engineers'  Club  of  Philadelphia.  The  question  of 
iron  vs.  steel  is  the  main  one.  The  paper  contains  proposed  bridge  specifica- 
tions. Eng.  News,  March  26,  i892,  p.  3o?.  Abstract  of  specifications,  ibid. 
April 2,  pp.  33i-3.  Eng.  Record,  March  12,  i892,  et  sea. 

.  Transfer  Bridge  for  the  Norfolk  &=  Carolina  Railroad.   In  this  the  mov- 


able end  of  the  bridge  is  raised  and  lowered  by  admitting  or  expelling  water 
from  the  supporting  pontoon.  A  steam  ejector  is  used.  Inset  of  details.  Eng. 
News,  Jan.  1892,  p.  96. 

.  Temporary  Bridge  over  the  Harlem  River-  Detailed  description  of  tem- 
porary draw-bridge.  By  W.  G.  Triest.  R.  R.  Gaz.,  Aug.  19,  1892,  pp.  614-15. 
Account  of  movement  of  old  bridge.  Illustrated.  Eng.  News,  Aug.  iS,  i892, 
pp.  1.5-12. 

.  The  Baltimore  Street  Bridge,  Cumberland^  Md.  Two  plate  girder  spans 


of72ft.each.  Illustrated  description,  including  foundations  and  pier.  Eng. 
News,  July  21,  1892,  pp.  i63-4. 

.    The  Hawarden,  Eng.  Double  track  railway  bridge.  Two  fixed  spans  120 

ft.  One  draw  span  24o  ft.  Illustrated  description  of  piers,  abutments  and  ap- 
pliances for  draw.  Piers  constructed  of  brick  filled  with  concrete.  Proc.  Inst. 
C.  £.,  Vol.  CVIII,  pp.  304-17. 

.  The  Hawarden  Bridge  over  the  River  Dee,  England.  Extract  of  a  valu- 
able paper,  by  Mr.  Francis  Fox  before  the  Inst,  of  C.  E.,  giving  general  des- 
cription and  details  of  foundations,  and  the  two  fixed  and  one  draw  spans. 
Eng.  News,  Sept.  15,  1892. 
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Bridges.  The  Morand  Bridge  over  the  Rhone  at  Lyons.  A  three-span  steel  arch. 
General  view  and  details  of  arch  at  springing  and  spandrels.  Lon.  Engineer, 
Oct.  16,  i89i.  Details  of  floor  and  ribs,  Oct.  23,  p.  336.  Skewbacks  and  piers, 
Oct.  3o,  i89i. 

.     The  Pollet  Swing-Bridge  at  Dieppe.      Illustrated  description  from  The 

Engineer.  Length  of  bridge,  swing  end,  47m.,  shore  end  23  5111.  R.  R.  Gaz., 
Aug.  26,  iS92,  pp.  63o-i. 

.     The  Cerveyrette  Bridge  at  Briancon.     A  highway  iron  arch  bridge  of 

52.6  meters  span.  Illus.  Sci.  Am.  Sup.,  May  21,  1892,  pp.  13655-6.  Description, 
with  inset  of  details.    Eng.  News,  June  9,  1:92,  pp.  579-80. 

.     The  Continuous  Girder  as  a  Tipper .     Paper  by  C.    H.   Lindenberger, 

giving  formulas  for  solution-  Trans.  Am.  Soc.  C.  £.,  Vol.  XXVI,  May,  1892, 
pp.  469-72. 

.     The  Victoria  Bridge  at  Stockton-on-Tees,  England.     An  abstract   of  a 

valuable  paper  by  Mr  Charles  Neat  before  the  Inst.  C.  E.,  describing  the  pneu- 
matic apparatus  used  for  sinking  the  cylindrical  piers.  Eng.  News,  Sept.  8, 
1892. 

.     The  Victoria  Bridge,  Stockton-on-Tees.     Two  wrought  iron   arches  85 

feet  and  one  no  ft.  Cast  iron  cylinders  filled  with  concrete  for  piers.  Short 
illustrated  description.    Proc.  Inst-  C.  £.,  Vol.  CIX,  pp.  3o4-ir. 

.  Wooden  Howe  Truss,  250  ft.  Span.  Used  on  Western  American  rail- 
roads. Eight  panels  of  31%  ft.,  depth  of  truss  equals  45  ft.  Eye  bars  and  pins 
used  for  splicing  lower  chords,  and  eccentrics  for  bringing  to  true  bearing. 
Description  with  full  details  and  dimensions.    Lon.  Eng.,   Oct.  7    1S92,  p.  446. 

.      Wooden  Hoive    Truss.    Single   track   R.   R.     180  ft.  span.     Details  of 

construction  and  strain  sheet.     Lon.  Eng.,  Sept.  23,  i892,  pp.  3i2-3. 

.      Wooden  Trestle.     Two  Medicine  Bridge,  Great ^Northern  Railway .    A 

trestle  751  ft.  long  and  211  ft.  high.  Details  of  bents  and  general  view.  Eng. 
News,  March  19,  1892,  pp.  2  S-9. 

Bridges,  Cantilever.  Cincinnati  and  NeTvport  Bridge.  Description  of  piers,  cais- 
sons, superstructure  and  erection.  Cantilever  span  520  ft.  Full  set  detail  draw- 
ings, strain  sheet,  etc.  Trans.  Am.  Soc.  C.  £.,  Aug.  i892,  Vol.  XXVII.,  pp.  173- 
94.  Eng.  Rec,  Sept.  ro,  i892,  pp.  231,  el  seg. 

.    North  Umpqua  River ,  Rosenburg,  Oregon.  Wooden  Cantilever  Bridge, 

shore  arms  147  feet,  river  arms  105  feet,  suspended  span  80  feet.  Details,  strain 
sheet  and  description.     Trans.  A.  S.  C.  £.,  Vol.  XXVII,  pp.  465-4?o. 

.     Red  Rock  Cantilever.    Abstract  from  a  paper  read  before  the  Am.  Soc. 

C.  E.  giving  general  description  of  river  and  location,  preliminary  work,  and 
apparatus  for,  and  methods  and  results  of  sounding.  Eng.  Record,  Dec.  19, 
18  ji,  pp.  4i-2.  Materials  of  caissons,  equipment  and  sinking,  ibid.,  Dec.  26, 
iv9i,  p.  57.  Concrete  and  cement,  location  of  piers  and  tests  of  materials. 
ibid-,  Jan.  2,  i892,  pp.  73-4. 

Red  Rock  Cantilever.    A  complete  history  and  description  of  this  work. 


"Foundations,"  by  S.  M.  Rowe,  "General  .Specifications  and  Proportion,"  by 
S-  W.  Robinson,  and  "Superstructure"  by  Henry  M.  Quimby  Twelve  fold- 
ing plates.  Trans.  Am.  Soc.  C.  £.,  Vol.  XXV,  Dec.  i89i,  paper  No.  518,  pp. 
662-720. 
Bridges,  Draw.  Competitive  designs  for  a  draw-bridge  over  the  Duluth  ship  canal, 
Duluth,  Minn.  Short  illus.  description  of  twelve  of  the  twenty  designs  sub- 
mitted.    Span  25o  ft.  in  clear.    Eng.  News,  Oct.  27,  i892,  pp.  39j-i. 

.    Hydraulic  Machinery  of.    A  lecture  by   Prof.  T.   C.  Fidler  before  the 

Dundee  Mech.  Soc,  discussing  various  points  in  the  operation  of  swing  bridges. 
Abstract,  Lon.  Eng.,  Feb.  19,  1892,  pp.  245-6. 

.    Madison  Street,  Chicago.     Description  with  inset  of  drawings.    R.  R. 

Gaz.,  March  11,  i892,  pp.  i89-go. 
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Bridges,  Draw.  Plate  Girder  Drawbridge,  over  the  Dismal  Swamp  Canal,  Norfolk 
and  Western  R.  R.  [20  ft.  span.  Girders  continuous,  one  arm  of  draw  76  ft. 
the  other  44  ft.  Full  details  with  description.    Eng.  New:,  Nov.  3,  i8q2,  pp.  417. 

.  The  Pallet  Swing-  Bridge  General  description  with  details  of  hydrau- 
lic machinery  used  for  swing.    P.  R.  Gaz.,  Sept.  9,  18^2,  p.  666. 

.    See  Bridge,  Eraser  River. 

.    See  Drawbridge. 

Building  Construction.  Arrangement  and  Construction  of  Asylums-  A  paper  by 
Richard  Greene,  before  the  Congress  of  Hygiene  discussing  this  subject.  Ab- 
stract, Eng.  Record,  Nov.  28,  i89i,  pp.  421-2. 

: .  Boston  Chamber  of  Commerce.  Series  of  illustrated  articles  giving  de- 
tails of  construction.    Eng.  Record,  May  7,  i892,  pp.  379-80,  et.  sea . 

.     Construction  and  Interior  Arrangement  of  Buildings  designed  to  be  used 


as  Theatres.     Paper  by  C.  J.  Hexamer.  Jour.  Frank.  Inst.,  July,  1892,  pp.  43-57. 

— .     Columns  for  Heavy  Buildings.    A  discussion  by  J.  Deforth  as  to  the 

merits  of  various  designs,  as  regards  strength  of  connections.    Eng.  News,  Jan. 
30,  1892,  p.  97. 

Fireproof  Floors  in  the  Smith  and  Randolph  Building  Brooklyn.  N ' .  Y. 


Floors  constructed  of  intersecting  flat  metal  arches,  abutting  against  arched 
floor  beams.  Layer  of  concrete  resting  on  these  for  flooring.  Ceiling  made 
ornamental  by  encasing  arches  in  plaster.  Full  details  with  illustrated  de- 
scription of  methods  of  construction.  Comparison  and  estimate  of  cost  of  dif- 
ferent methods  of  flooring.    Eng.  Rec,  Oct.  22,  29,  Nov.  5,  12,  et.  sea . 

.    See  Fire-Proof  Construction. 

.    Iron  Mill  Buildings.    A  paper  by  J.   W.   Seaver,  describing  various 

points  in  their  construction  and  giving  specifications.  Illus.  Trans.  Engrs.  Soc. 
W.  Pa.,  1892,  pp.  5-3i. 

.    Light  hi  Tall  Office  Buildings.    Important  considerations  for  the  ob- 


taining of  good  light  in  tall  office  Buildings.  Illustrated  descriptions  of  a  few 
of  the  best  arranged  buildings.    Eng.  Mag.,  Nov.  1F92,  pp.  171-186. 

.  Machinery  Hall,  World's  Columbian  Exposition.  Description,  Dia- 
gram of  Plan,  Longitudinal  and  transverse  vertical  sections,  erection  of  trusses, 
foundations.    Eng.  Rec,  Nov.  19,  iS92,  pp.  3-;9. 

.    Mill  Building  Construction,  with  Details  from  Practice.    Valuable  pa- 


per by  G.  H.  Hutchinson  before  the  Engineers'  Society  of  Western  Pennsyl- 
vania. Gives  theory  and  practice  with  full  details  of  the  most  recent  methods 
of  mill  construction  Eng.  Society  of  Western  Pennsylvania,  Oct.  iS92,  Eng. 
News,  Nov.  10,  i892,  pp.  446-451,  Eng.  Rec,  Oct.  22,  29,  1892. 

.    Safe  Construction  of  Tall  Buildings.    A  lecture  by   Gen.  Wm.  Sooy 

Smith  before  the  students  of  the  University  of  111.,  describing  the  usual  meth- 
ods of  constructing  tall  buildings  in  Chicago  and  advocating  the  use  of  piles 
driven  to  bed  rock.    Eng.  Record,  April  g,  ii92. 

.  Skeleton  Type  of  High  Buildings  in  Chicago .  By  C.  T.  Purdy.  Dis- 
cusses use  of  steel  in  high  buildings  and  describes  details— columns,  bracing, 
floor-plans,  beams  and  spandrels.    Eng.  News,  Dec.  5,  12.  26,  i89i,  Jan.  2,  i892. 

.    Steel  Skeleton  Buildings — Z-Bar  arid  Phoenix  Columns.    A  disscussion 

of  Mr.  Purdy 's  article  on  ''Steel  Skeleton  Typeof  High  Buildings."  Discusses 
relative  economy  of  different  forms  of  columns.  By  Foster  Milliken.  Eng- 
News,  Jan.  9,  ii92,  pp.  4i-2. 

The  Rand  Ale Nally  Building,  Chicago.      Details  of  beams  and  floor 


system.    Eng.  Record,  Jan.  9,  1892,  p.  94.      Details  of  columns,  id.,  Jan.  3o,  i892. 
.     The  Rand Mc Nally  Building,  Chicago.    General  plan  and  details  of 

steel  foundation.    Eng.  Record,  Dec.  12,  i89i,  pp.  25-6. 
Building  Laws.    New  York  and  Boston.    Abstract  and  discussion  of  building  laws 

recently  enacted  in  these  cities.        Strength  of  wooden  and  iron  beams,  posts 
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and  columns.  Am.  Arch.,  Nov.  21,  1F92,  pp.  97-100.  Eng.  Rec,  Aug.  6,  1892 
pp.  i;9i6o. 

Cable  Railroads.  An  Inclined  Cable  Railway  for  Transferring  Freight  Cars  be- 
tween the  Upper  and  Lower  Yards  of  the  Western  Cable  Ry.  Co.,  St.  Louis,  Mo. 
A  railway  about  2,002  feet  long  wtth  7%  grades.  The  cars  are  pushed  up  by  a 
grip  car  to  which  the  cable  is  permanently  fastened.  Description  of  track  con- 
struction, hoisting  engines  and  hydraulic  buffer  device  for  quickly  stopping 
the  train  in  case  of  accident.  Cost  given.  Four  folding  plates.  By  Edward 
Flad,  before  the  Engrs.  Club  of  St.  Louis.  Jour.  Assn.  E?ig.  Soc,  Feb,  i892, 
pp.  74-S4. 

.     Cable  at    Washington,  D.  C.       Complete   description  and   details  of 

the  cable  system  of  the  Washington  &  Georgetown  R.  R.  Co.  St.  Ry.  Jour., 
Sept.  i892. 

.     Brief  description  of  a  cable  road  at  Lugano,   Italy,  having  grades  as 

high  as  60  p.  c,  Illustrated.  Eng.  News,  April  21,  1892,  p.  402.  R.  R.  Gaz.,  Apr. 
8,  1892.  p.  264. 

.    Hoisting  Machinery  and  Safety  Clutches  of  the  Otis  Elevating  Cable 

Railway,  a  valuable  paper  with  full  description  and  cuts.  Eng-  News.  Sept.  8, 
i892.       St.  Ry.  Jour.,  Sept.  1892. 

.    Swiss  Cable  Railroads.    A  general  description  of  the  various  types  of 


rack  and  cable  mountain  roads.     From  a  paper  by  Emil  Strub.      R.  R.  Gaz. 
July  8,  1892,  p.  509. 
.    See  Railroads  and  Street  Railway. 


Cable-Road.  A'ew  York,  Broadway.  A  good  illustrated  article  showing  methods 
of  construction  used.    Eng.  Mag.,  Dec.  1892,  pp.  337-69. 

— .     The  Broadway  Cable  Road,  Ar.  Y.   City.    Short  description  with  plan 

and  section.     R.  R.  Gaz.,  Sept.  1,  i892,  p.  648.     Eng.   Record,   Sept.   3,   1892, 
p.  214. 

Caisson.     Cantilever  Bridge  at  Cincinnati.    See  Bridges,  Cantilever. 

— ,    Steel.    Details  of  and  short  description  of  a  steel  caisson.     Iron  Age, 
Nov.  io,  1892. 

Calorimeters.  How  to  make  and  Use  a  Calori?netcr.  By  Prof.  R.  C.  Carpenter. 
Power,  Jan.  i892,  p.  4. 

.     See  Steam  Calorimeters. 

Cam.  Movements  of.  Illustrated  description  of  the  method  of  designing.  Am. 
Mack.,  Sept.  8,  15,  1892. 

Canal.  Chicago  Drainage  Canal.  Map  of  proposed  route  and  standard  cross-sec- 
tions.     Eng.  Ntws,  June  2,  i892,  pp.  5$o-i. 

.  Bank  Protection.  Abstracts  from  papers  before  5th.  International  Con- 
gress of  Inland  Navigation  at  Paris  describing  different  methods  of  bank  pro- 
tection under  different  conditions.  (Sections  given.)  Eng.  Record,  Sept.  3, 
10,  and  Oct.  1,  1892,  pp.  216,  229-77. 

.    Hydraulic  Lift  for  Canal.    Proposed  design  by  Adolph  Prussman.     Il- 


lustrated description.    Lon.  Eng.,  Oct.  i4,  i892,  p.  48o. 
.     See  Drainage  Canal. 

.    Ship.    Between  N.  Y.  and  Phila.,  the  proposed.      By  Prof.   Lewis  M. 

Haupt.  Remarks  made  before  the  Frank.  Inst.,  at  the  annual  meeting.  Illus. 
Jour-  Frank.  I>ist.,  March,  1892. 

.  The  Manchester  Ship  Canal.  A  historical  review  with  statistics  of  traf- 
fic and  general  description  of  the  new  canal.  R.  R-  Gaz.,  Aug.  19.  1892,  pp. 
6i2-i3. 

.  Ship.  Baltic  and  North  Sea.  Map,  profile,  description  and  illustra- 
tions of  terminal  locks,  sections  and  slope  protection.  Eng.  News,  March  26, 
i892,  pp.  .V8-9. 
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Canal.      Nicaragua,      Economic  considerations    and  a  short  description  of  the 
principal  engineering  features.     Jour.  Assn.  Eng.  Soc,  Sept.  1892,  pp.  447-63. 

.     The  Nicaragua  Canal.     A  lecture  by  G.  W.  Davis,  giving  a  brief  ac- 


count of  the  whole  work  done  on  the  canal  from   the  beginning,  with  estimate 
of  cost.  etc.    Jour.  Frank.  Inst.,  July,  i892,  pp.  1-22,  etseg. 

The  Nicaragua  Canal.    Its  Political  Aspects.    By  Wm.  L.  Merry.     The 


Forum,  Feb.,  i892,  pp.  7i5-28. 

.     The  Nicaragua  Canal  and  Commerce.    Article  by  Warner  Miller.     The 

Forutn,  Feb.,  1892. 

Proposed  Lake  Erie  and  Ohio  River  Ship  Canal.       A  paper  by'  Mr. 


John  M.  Goodwin  giving  a  discussion  of  this  subject  based  on  the  report  of  a 
commission  appointed  to  investigate  the  feasibility  of  such  a  canal.  Trans.  A. 
S.   C.  E  ,  Vol.  XXV.,  Oct.  1892,  pp.  410-19. 

Canal  Lifts,  Hydraulic.    By  F.  Pflefer.    Details  of  cylinders  and  elevation  of  locks. 
Illus.     Verein  Zur  Be/or  d.     Gewerbfteisz:     [Reprint.)    pp.  77-98, 1891,  IV. 

Canals.  Improvement  of  the  New  York  State  Canals.  Article  discussing  the  value 
of  the  canals  in  maintaining  low  rates  and  the  importance  of  improivng  them 
Eng.  News,  Aug.  18,  i89o,  p.  160. 
,  of  New  York.  The  Annual  Report  of  the  State  Engineer  for  1890  con- 
tains reports  on  the  year's  work  on  the  canals  in  various  improvements  ,  also 
reports  on  water  supply  for  the  Erie  canal,  with  data  on  flow  of  water  etc. 

.     See  Inland  Navigation.     Transportation. 

Car.    Furniture  Car  of  bo, 000  lbs.  Capacity. — Pennsylvania  Co.        uh  details.     Mast. 

Mech,,  June,  1892,  pp.  89-9o. 
.    Iron  and  Steel  Box  Car,  Mexican  Railway .     Detailed  illustiations  and 


description.    R.  R.  Gaz.,  Aug.  5,1892,  pp.  574-5. 
.    Pennsylvania  Double-Decked  Stock  Car.      Detail  drawings  of  the  latest 

design.    Details  of  hay  rack,  and  boxes  also  gi^en.     Mast.  Mech.,  Jan.,  1892, 

PP.  7-9. 
.    Standard  Box.    Standard  buggy  and  furniture  car  of  the-Missouri  Pa. 

cific  Railroad.    R.  R.  &=  Eng.  Jour.,  (Jet.  i892. 
.    Standard  Coal  Car,  Chicago,  Rock  Island&>  Pacific  Ry.    Capacity,  5o,- 


oco  lbs.    Inset  of  detailed  drawings .    Eng.  News,  Aug.  n,  1892.  p.  i39. 

— — — .  Standard  Passe?iger  Cat,  Lake  Shore  &>  Michigan  Southern  R.  R- 
Short  description  with  full  details  and  dimensions.  R.  R.  Gas.,  Sept.  16, 
1892,  p.  681. 

Standard  dimensions,  Formsof  Construction,  etc.,  up  to  date  1892,  adop- 


ted by  the  Master  Car  builders  Assn.,  with  discussions  on  same.  See  Proc. 
M.  C.  B.  Assn.,  26th.  Annual  Convention,  1892.  John  W-  Cloud,  Secy,  074 
Rookery  Btdg.,  Chicago,  III. 

.    Draft  ('rears  for .    See  Draft  Gears. 

Car  Axles.  Steel  '  ar  Axles  Two  papers  by  P.  Kreutzpointner  discussing  the 
subjects  of  quality  of  steel,  mechanical  treatment,  testing,  and  effects  of  heat 
and    work."    Iron  Age,  Nov.  5,  26,  1891. 

Car  Building,  by  C.  F.  Fairchild.  From  Advanced  Sheets  of  "Street  Railways." 
A  detailed  description  of  the  various  steps  in  the  process.  St.  Ry.  Jour. 
March,  1892,  pp.  148-54,  et  seq . 

Car  Construction.  Recent  Progress  in  Car  Construction  and  Design.  A  paper  by 
D.  L.  Barnes  before  the  West.  Ry.  Club.  Describes  the  methods  of  design- 
ing various  parts.  Two-page  plate  giving  details  of  modern  designs.  Abstract, 
Ry.  Rev.,  Jan.  3:>,  7892,  pp.  65-6.  Eng.  News,  Jan.  3o,  i892,  pp.  ii2-i3.  R.  R. 
Gaz.,  Jan.  29,  i892,  pp.  79  81. 

— — .     The  Pros  and  Cons  of  Iron  Car  Construction.      Editorial    discussion  of 

the  financial  side  of  the  question.    Eng.  News,  May  i9,  1802,  p.  5o9. 
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.    Specifications  for  Framing  of  Railway  Postal  Cars.      Recommended 


by  the  Post  Office  Depaitment.    Eng.    News,  Feb.  20,  i892,  pp.  173-4. 
.    Steel  Car  Construction.     By  G.  L.  Harvey.     Discusses  and  illustrates 


various  details.    R.  R.  Gaz.,  Feb.  25,  i892,  pp.  154-5. 
Car  Couplers.    A  Discussion  of  the  Possibilities  of  the  M.  C.  B.  Coupler.      By   Edw. 
P.  Eastwict,  Jr.    An  investigation  confined  to  determination  of  direction    and 
intensity  of  forces  resisted  by  a  coupler.    Illustrated.      R.  R.    &>  Eng.   Jour., 
April  and  May,  i892. 

.     Coupler  Breakages.    Table  with  explanatory  diagrams  giving   the  per 

centages  of  the  various  kinds  of  fracture  of  over  201,000  Janney  couplers.  Eng. 
News,  May  12,  i892,  pp.  474-5.    R-  R.  Gaz.,  May  i3,  i892,  pp.  346-7. 

.    See  Master  Car  Builder' s  Association. 

.    Mei/wds  of  Testing  Couplers.       Description    of  proposed    M.    C.   B. 

standard  tests.     Illus.    R.  R.  Gaz-,  Aug.  i9,  1892,  pp.  619-20. 

of  the  Master  Car  Builder' s  Type.     The  Strength  of .     By  .Wm.   Forsyth. 


Paper  read  before  the  Western  Railway  Club.    Mast.  Mech  ,  March,  ih'g2, 
.    Strength  of  M.  C.  B.  Couplers.     A  paper  by  Wm.  Forsyth   before   the 


Western  Ry.  Club  discussing  the  design  and  strength  of  material  and  giving 
results  ofsome  tests.  Eng.  News,  March  5,  i892,  pp.  232-3.  Abstract  R.  R. 
Gaz.,  March  4,  1892.  pp.  171-2,  etsea.    Ry.  Rev.,  March  5,  i892,  pp.  152  3. 

Car  Heating.  Steam.  Extract  of  a  valuable  paper  by  Mr.  A.  M.  Waitt  before  the 
Western  Ry.  Club.  Advocates  direct  system  for  heating  coaches  and  indirect 
for  sleepers.  Eng.  News,  Sept.  29  i892,  pp.  306-7.  Ry.  Mast.  Afech.,  Oct., 
1892. 

.    Siearn  and  Hot  Water.    Description  of  the  direct  method  of  radiation 

from  steam  pipes  and  the  indirect  method  of  hot  water  pipes.  Details  of  di- 
rect method  used  on  Lake  Shore  R.  R.    E.  &*  M.  Jour.,  Oct.  1,  i892,  p.  3i9. 

Car  House.     See  Electric  Car  Houses. 

Car  Lighting.  A  paper  by  A.  H.  Bauer  before  the  Am.  Inst.  E.  E.,  describing  the 
various  systems  of  electric  lighting.  Ry.  Rev.,  June  11,  i892.  pp.  374-5-  R-  R- 
Gaz.,  June  10,  i892,  pp.  427-8.     Eng.  News,  June  9,  i892,  pp.  591-3. 

.     Fire  Test  of  a  Frost  Dry  Carburetter.       Illustrated  account  of  test  and 

description  of  apparatus.  Ry.  Age,  May  2c,  1892,  pp.  397-8.  Ry  Rev.,  May  21, 
1892,  pp.  33o-i. 

.    AToles  on  Experiments  iu  Electric  Lighting  of    Cars  on  the  Different 

European  Railway  Systems.  The  various  methods  taken  up  are  by  accumula- 
tors, by  dynamos  and  by  a  combination  system.  From  Revue  Generate  des 
Chemins  de  Fer.    Ry.  Rev.,  March  26,  i892,  etsea. 

Car  Roofs.  Abstract  of  a  paper  by  F.  S.  Woods  read  before  the  N.  W.  R.  R.  Club. 
R.  R.  Gaz.,  Feb.  12,  1892,  p.  112.  Extracts  from  other  papers  on  this  subject, 
ibid.,  Feb.  19,  p.  139,  also  Feb.  26  pp.  is3-4.    Ry.  Rev.,  Feb.  i3,  20,  i892. 

Car  Truck.  Steel  Freight  Car  Truck.  Harvey  Steel  Car  Co.  Detail  drawings. 
Eng.  News.  June  16,  i892,  p.  611. 

Car  Wheels.     Cauda  s  Contracting  Chill  for.    Illustrated. 

.  Causes  of  Flat  Wheels.  A  paper  by  Paul  Symnestvcdt,  giving  the  re- 
sults of  his  study  as  to  the  cause  of  fiat  wheels.  Mast.  Mech-,  Feb.,  1892, 
pp.  223. 

• .     Cracked  Plates  in  Cast  fron  Car  Wheels.     Tabulated   results  of  tests 

on  wheels  of  various  makers,  showing  cause  of  failure  to  be  difference  of  tem- 
perature between  hub  and  rim  of  wheel.  Valuable  conclusions  drawn  show- 
ing improvement  in  design  to  prevent  failure.  Eng.  News,  Oct.  13,  i892,  pp. 
351-3- 

-.     See  Master  Car  Builder  s  Association. 

-.     See  Railroad  Wheel  Record. 
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Carbons.  Paper  by  H.  O.  Fisk  before  the  Canadian  Electric  Assn.,  describing  the 
process  of  manufacture  of  carbons.    Elec.  Wor Id,  J uly  23,  1892,  p.  59. 

Cast  Iron  Wheels.  Cracked  Plates  in.  Tests  conducted  at  the  Sacramento  Shops 
of  the  Southern  Pacific  Co.    Mast.  Mech.,  Nov,,  i892. 

Castings.  Iron.  Pouring,  flowing  off  and  feeding  castings.  Illustrated  description 
of  practical  methods  and  requirements  for  making  good  castings  with  open 
sand  moulds.    Am.  Mack.,  Sept.  29,  i892,  et  sea. 

Cement.  Hot  Tests  for  Determini?!?  Change  of  Volume  in  Portland  Cement.  Paper 
by  W.  W.  Maclay  before  A.  S.  C.  E.,  favoring  the  adoption  of  steam  and  hot 
water  tests  for  determining  change  of  volume  in  cements.  Description  of 
methods  used  with  results  of  tests.  Discussions.  Trans.  A.  S.  C.  E.,  Vol. 
XXVII.  pp.412-452. 

.    See  Mortar. 

,  Portland.    Influence  of  Sea-  Water  Upon  Portland  Cement  Mortar  and 

Concrete.  By  Wm.  Smith.  Gives  results  of  important  investigations  made  at 
Aberdeen  Harbor.  Proc.  Inst.  C.  £..  Vol.  CVII.,  1891-2,  pp.  73-97.  Extended 
discussion  on  Portland  cement  and  concrete,  ibid.,  pp.  q8-i98. 

.    Portland  Cement:  its  Manufacture,  Use,  and  Testing.     A  brief  paper 

by  H.  K.  Bamber  describing  the  general  methods  of  manufacture,  use  and 
testing  and  giving  some  experiments  on  concrete  with  different  proportions  of 
water.    Proc.  Inst.  C.  E.,  Vol.  CVII.,  1891-2,  pp.  3i-g. 

,  Portland.    Early  History  of.    Abstract  from  a  pamphlet  issued  by   the 


American  Cement  Co.,  giving  some  notes  on  this  subject.      Eng.    News,  May 
12,  1892,  p.  482. 
,  Portland.     Employed  in  the  Works  at  the  Port  of  Hwre  since  1870.     A 


paper  by  Baron  E.  T.  Quintette  de  Rochemont  giving  valuable  statistics  con- 
cerning the  properties  of  a  large  amount  of  cement  used  at  the  Port  of  Havre. 
Proc.  Inst.  C  E.,Vo\.  CVII.,  i89t  2,  pp.  377-389 . 

-,  Portland.     .The  Inspection  of ,  for  Public    Works.      A  paper  by  K.    A. 


Carey  discussing  this  subject  and  the  relative  value  ofdifferent  methodsof  man- 
ufacture and  use.  Gives  tables  of  analyses,  specifications,  and  various  series  of 
tests.    Proc.  Inst-  C.  £.,  Vol.  CVII.,  i89i-2,  pp.  40-72. 

.     The  Cement  "Bacillus.'"     A  paper  by  Dr.  W.  Michaelis  regirding  the 


effect  of  gypsum  on  cement.     From  Lon.  Eng.,  Eng.  Record,  Jul/    6,   1^92,  p. 
no. 
Cement  Testing  Sieves.     Variations  in.      By  L.  C.  Sabin,  U.  S.  Asst   Engr.     Gives 
results  of  some  investigations  on  several  wire  cloth   sieves.  Eng.  News,  June 
3o,  i!i92,  pp.  651-2. 

Cement  Tests  by  the  State  of  New  York.  Specifications  and  general  average  of  re- 
sults of  tests.    Eng.  News,  Nov.  28,  1891,  p.  5i7. 

Central  Stations.     See  Local  Curves  of. 

Centrifugal  Force  as  Applied  to  Revolving  Machinery.  By  G.  D.  Hiscox.  Com- 
putes the  strength  of  fly  wheels  and  grindstones,  giving  tables  for  use.  Iron 
Age,  April  7,  i892,  pp-  658-9. 

,  and  Resulting  Phenomena.    By  Chas.  E.  Emery.    Abstract  of  a  Lecture 

delivered  at  Sibley  College,  Cornell  University.    Power.  March  i892. 

Cholera.  As  a  Sanitary  Agent  in  promoting  improvement  in  water  supply  and  pub- 
lic health.    Avery  good  editorial.    Eng.  News,  Sept.  29.  i892,  pp    3oo-i. 

Chicago  Railway  Problem,  in  relation  to  Terminals,  Rapid  Transit,  Marine  Com- 
merce and  Related  Interests.  An  elaborate  report  of  a  committee  of  the  West- 
ern Soc.  Engrs.  Jour.  Assn.  Eng.  Soc,  May,  i892,  pp.  223-77.  Abstract,  Eng. 
Record,  June  4  iS92.  Eng.  News,  June  9,  i892.  Valuable  discussions  on  pro- 
posed methods,    four.  Assn.  Eng.  Soc,  Sept.,  i892.  pp.  47o  4S8. 

Chimney.  Draft  of  Tall  Chimneys.  Method  of  determining  proper  height  and  sec- 
tion for  desired  draft-     Eng.  Rec,  Nov.  26,  i892,  p.  418. 
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.     See  Water-  Works. 

.  The  Size  of.    A  brief  discussion  of  the  subject  with  statement  of  various 

rules.    By  Arthur  Goodwin  in  Stationary  Engineer.    Meek.  World,  July  8,  i892, 
P.  5- 

Coal.  Conveyor  Plant  at  the  Coaling  Station  at  New  Buffalo,  Mick.,  Chicago  and 
West  Mich.,  R.  R .  Coal  conveyed  to  elevated  bins  by  means  of  scoops  at 
tached  to  endless  chain;  said  to  be  economical  when  a  large  number  of  loco- 
motives are  to  be  coaled.  Full  details  with  description.  Eng.  News,  Nov.  io, 
i892,  pp.  434-435. 
.  Loading,  Weighing  and  Sifting.  Short  illustrated  description  with  de- 
tails of  a  good  coal  tipple  in  use  by  the  Dunlow  Coal  Co.  at  Dunlow,  W.  Va. 
Eng.  News.  Nov.  3,  i892,  p.  4i4. 

Spontaneous  Ignition  of,  and  Its  Prevention.  A  valuable  paper  by  Vivian 


B-  Lewes  discussing  the  causes  of  spontaneous  combustion  and  the  best  meth- 
ods of  prevention,  your.  Soc.  Arts,  March  4,  1892. pp.  352-65.  Reprint,  Practica 
Engineer,  March  25,  1892,  et  sea. 

.     The  Preparation  and  Utilization  of  Small  Sizes  of  Anthracite.  A  pape 

by  Eckley  B.  Coxe  describing  the  methods  of  their  preparation  and  use 
Trans.    A.  S.  M.  E.,  1891,  p.  6. 

Coal  and  Iron  Industry  in  the  Sou'kern  States.  A  valuable  paper  by  Prof.  Wm 
Phillips  giving  fullaccount  and  statistics.    E  &*  M.  Jour.,  July  9,  16,  i892. 

Coal  Chute.    See  Railroad  Structures . 

,Coal  Mining.  Notes  on  the  Mining  of  their  Coa  /Seams  in  Missouri  andKansas.  Ab- 
stract of  appendix  A.  of  Rept.  Geolog.  Survey  of  Mo.,  i89o-9i.  Illustrated  de- 
scription.    E.  <&»  M.  Jour.,  Feb.  i3,  i8q2,  pp.  2o4-6. 

Coal  Washing  Machinery.    ByS.Stulz.  series  of  full  descriptions,   withdraw 

ings,  of  the  various  machines  in  use     Am.  Mfr.,  Jan.  8,  1852,  et  sea. 

Coffer  Dam.    See  Dock,  Dry-Dock  and  Coffer-Dam  at  Mare  Island,   Cal. 

.       Without   Interior  Bracing.     Double  walled  polygon   of  (12)   sides. 

Depth  of  water  28  feet,  foundation  soil  rock.  Details  and  description.  Trans. 
A.  S.  C.  E.„  Vol.  XXVII.,  pp.  475-477. 

Cohen,  Mendes.  Pres.  Am.  Soc,  C.  E.  Brief  biography  with  portrait.  Eng.  News, 
June  9,  i892,  p.  577- 

.    See  Address. 

Coke  Manufacture.  Recovery  of  By-Prodncts  in.  the  Manufacturing  of  Coke  for 
Blast  Furnace  Purposes.  Full  illustrated  description  of  methods  used.  Iron 
Age.  Oct.  27,  and  Nov.  3,  1892. 

Colliery  Machinery.  The  Luhrig  Coal  Cleaning  and  Washing  Plant.  Illustrated 
description  of  this  plant  in  successful  use  at  125  mines.  Am  Mfr.,  Dec.  11, 
i89i,  pp.  1033-6.  < 

Color  Blindness.  A  paper  by  Capt.  W.  de  W.  Abney  giving  facts  as  to  causes, 
tests,  etc.    Jour.  Soc.  Arts.  May  27,  i892,  pp.  676-So. 

Columns.  The  Larimer  Steel  Column .  Illustrations  of  column  and  connections. 
Eng. News,  July  28,  1892,  p.  89. 

.    Behavior  of  Iron  Columns  at  High  Temperatures.  By  A.  Gottlieb  from 

a  paper  by  R.  Luehmann  before  the  Soc.  Engrs.  &  Arch,  at  Hamburg.  Dis- 
cusses some  experiments  by  Bauschinger  and  describes  experiments  made  in 
1886  by  Moeller  and  Luehmann,  on  cast  and  wrought  iron  columns.  Jour. 
Assn.  Eng.  Soc,  Feb.  ih9z,  pp.  85-98. 

.    See  Building  Construction  . 

.    Proposed  New  Formula  for  Yellow  Pine  Posts.    By  James  A.  Stan  wood, 


Mass.  Inst.  Tech.  A  straight  line  formula  obtained  from  plotted  results  of 
Watertown.  Tests  on  full-size  sticks.  Diagram  showing  plotting,  and  curves 
from  other  formulas.  R.  R.  Gaz.,  Jan.  29,  1892,  pp.  76-7- 
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Columns.  Strength  of.  A  new  formula.  Paper  by  A.  J.  DuBois  before  A.  S,  C. 
E.  Derivation  and  comparison  with  Johnson's  straight  line  formula.  Trans. 
.-4m.  Soc.  C.  £.,  July,  1892,  Vol.  XXVII.,  pp.  67-96. 

.     See  Railroad  Station. 

Compound  Locomotives,    See  Locomotives,   Compound. 

Compass.     For  Describing' Ellipses.    See  Ellipses. 

Compressed  Air.     See  Air, 

.  A  Practical  Consideration  of.  By  Wm.  L.  Saunders.  A  lecture  de- 
livered before  the  Franklin  Inst.  Illustrated.  Jour.  Frank.  Inss.,  May,  1892. 
Abstract  in  Eng.  News,  Aug.  25,  1892,  pp.  175-7 

.    Apparatus  for  the  Compression  of  Air  for  the  Parisian   Compressed  Air 

Company.  Illustrated  description  of  this  large  plant.  From  Le  Genie  Civil. 
Sci.Am.  Sup-,  July  16,  i892,  pp,  13788-90. 

.     Compound  Air  Compressors  a?id  Motors.     Paper  by  Prof.  A.  C.   Elliott 

read  before  the  South  Wales  Inst.  Engrs.  giving  the  theory  and  practical  ap- 
plication.    Lon.  Eng.,  Dec  4,  1891  et  seq . 

,/or  Distributing1  Power  Plauts.  A  inscription  of  the  Riedler  Air  Com- 
pressor for  the  new  power  strtion  it  Quai  de  la  Gare,  Paris,  details  and  di- 
mensions, triple  expansion-  engines,  high  and  low  pressure  air  and  steam  cylin- 
ders.    The  fron  Age,  Sept.  i5,  1  j92,  pp.  468  71. 

,for  Street  Cat's.     Article  by  Gen.  Herman  Haupt  citing  the  advantages 

and  economy  of  such  a  system  of  motive  power  based  on  a  report  by  the  author 
in  1879  on  this  question.    Eng.  Mag    Aug.,  iS92,  pp.  617-22. 

Concrete.  Mixing  of  by  Machinery  .  Illustrated  description  of  machinery  used  for 
concrete  mixing  in  the  St.  Louis  water-works  extension  Aqueduct.  Eng.  Rec, 
Nov.  12,  i892,  pp.  378-9. 

.    For  Harbor  Works.    See  Harbor  Works. 

.    See  Cement. 

Concrete  Plant,  at  ihe  Cascades  Canal,  Oregon.  Illustrated  description  o  this  com- 
plete plant.    Eng.  News,  June  2,  i892,  p.  544. 

Concrete.  Under  Water.  Description  of  the  successful  construction  of  a  pier  by 
using  concrete  in  situ,  under  20  ft.  of  water.  Concrete  lowered  in  a  box,  20  cu- 
bic ft.  capacityand  directed  by  diver.  This  method  found  cheaper  than  that 
of  using  set  blocks  of  concrete.  Lon.  Eng.,  Oct.  7,  i8:,2,  pp.  456-7.  Eng.  Rec, 
Oct.  22,  i892,  p.  323 

Conduit.  For  Drainage  of  Flood  Waters  of  Stony  Brook,  Boston,  Mass.  Condut 
built  on  concrete  foundation  with  masonry  side  walls.  Horseshoe  shaped,  17 
feet  by  15M  feet.    Jour .  Assn.  Eng.  Soc,  Oct.,  i892,  pp.  5oi-5i3. 

.    Leading  of  the  Water  of  the  Avre  to  Paris.       Illustrated  account  of  the 


.aying  of  the  5  ft.  steel  conduit.    Sci-  Am.  Sup.,  Aug.  20.  i892,  pp.  13863  4. 

Hydraulics   of  the  Hemlock  Lake   Conduit  of   the  Rochester,    N .    Y., 


Water-Works.  A  detail  description  of  this  iron  conduit  (19-2  miles  long),  com- 
puted discharge,  and  investigations  as  to  the  cause  of  a  discharge  smaller  than 
calculated.  By  G.  W.  Rafter,  Trans.  A.  S.  C.  £.,  Vol.  XXVI.,  Jan.  i893)  pp. 
i3-22.    Discussion,  pp.  28-76. 

.     Scrubbing  Machine  for.      Illustrated  description  of  a  machine  used  by 

the  Boston  Water-Works  for  cleaning  its  masonry  conduit.     Eng.  News,  June 
i892,  p.  58o. 
Conduits  and  Wires  Underground.     By  M.  J.  Francisco.      Report  of  the  committee 
the  Nat.  Elec  Light  Assn.    Elec.  World,  March  5,  1892. 

Contracts.  Rights  of  the  Lowest  Bidder.  Article  by  Leicester  Allen  presenting  vari- 
ous inquiries  on  this  question.  A  paper  by  C.  E.  Hellier  follows,  giving  the 
legal  aspects.    Eng.  Mag.  Jan.  i892,  pp.  476-87. 
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Contractors  Plant.  Building' of  St .  Louis  Water-Works  Extension  Aqueduct.  Ma- 
chinery for  mixing  and  delivering  concrete  for  foundations.  Eng.  Record,  Nov. 
12,  i892.  pp.  378-37g. 

.    Laying  a  Four  Foot  Water  Main.    Transportation,  Trenching,  Bucket 

Derrick  and  Pipe  Derrick.  Illustrated  description  of  machinery  and  methods 
used.  Eng.  Record,  Nov.  5,  1S92,  pp.  3;9-36o.  Eng.  Record,  Nov.  26,  iS92,  pp. 
414-413. 

Converter.     See  "Electrical  Forging." 

Copper.  Practical  Notes  on  the  Electrolytic  Refining  of  Copper.  By  F.  Badt  before 
the  A.  I.  E.  E.,  describing  the  various  processes  used  in  this  country.  Elec. 
World,  June  25,  1852,  pp.  434-36.    Abstract,  Eng.  JVews,  July  21,  1F92,  p.  5o. 

Corliss  Valves,  How  to  Set.  A  good  article  giving  detailed  instruction  as  to  the 
setting  of  the  valves  of  a  Corliss  engine.    Illustrated.    Power,  Nov.,  i892. 

Corrosion.  Iron  in  Roof  of  Tunnel,  from  Gas  and  Steam  of  Locomotives.  See  Tun- 
nel. 

.     See  Boilers. 

Crane.  Eighty  Ton  Sheers  of  the  Globe  Iron  Works,  Cleveland,  Ohio.  Illustrated 
description  with  details.    R.  R.  Gaz.  Nov.  11,  1892,  p.  836. 

.    45-Ton  Electric  Traveling  Crane.      Designed  for  the  U.  S.  Navy  Yard 

Boiler  Shop,  N.  Y.      Description  and  illustrations.  R.  R.  Gaz.,  March  25,  1892, 

p.  225. 
.    Electric  Cranes,  with  a  Special  Reference  to  one  in  use  in  the  Baldwin 

Locomofive  Works.    By  C-  J.  Bates.    Illustrated  description.  R.  R.  Gaz.,  Jan. 

29,  i892.  pp-73-4. 
.    Nay  lor  Hydraulic  Traveling  Crane.  Illustrated  description  0/ a  large 


crane  used  in  the  Altoona  shops  of  the  P.  R.   R.  Co.     A  pressure  of  i,5oo  lbs. 
per  sq.  in.  is  used.    Details  illustrated,    Iron  Age,  Apr.  14,  1F92,  pp.  712-14. 

Shaw  Electric  Traveling  Crane.      Description  with   illustrations  of  de- 


tails.   Iron  Age,  Apr.  7,  1892,  pp-  655-7.      General  description,   Ry.  Rev.,  April 

2,  1892,  p.  217. 
.     The  Titan  Crane  at  Seixoes,  Portugal.     Description  with  illustrations 

of  details.    Eng.  News,  June  3o,  )892,  p.  663. 
Cranes,  Hydraulic.    SeeElevators,  Hydraulic  Apparatus. 
Curves.     See  Railroad  Curves. 
Currents.    Lake    Currents.     A    discussion  ol  the  causes  of  the  currents  of  Great 

Lakes.    By  W.  H.  Hearding.    Jour.  Ass?i.Eng.  Soc,  July,  i892,  pp.  365-71. 

Current.    Electrical,  Relation  Between  Temperature  and  Current.   See  Temperature 

and  Current. 
Cylinder  Condensation  in  Steam  Engine    Cylinders,  A    Thermo- Electric  Method  of 

Studying.    Paper  by  Prof.  Edw.  H.  Hall,  read  before  the  Amer.  Inst,  of  Elec. 

Eng.    Gives  a  cause  of  cylinder  condensation,   and  describes  and  illustrates 

thermo-electric  method  of  determining  am't  of  heat  which  enters  cylinder 

walls.    R.R.  &°Eng.  Jour,  Feb.,  i892. 

Dam.  Black  Eagle  Falls  Dam,  at  Great  Falls,  Montana.  Paper  by  Maurice  S. 
Parker  before  the  A.  S.  C.  E.,  describing  process  of  construction.  Crib-dam  14 
ft.  high.  Trans.  Am.  Soc.  C.  £  ,  July,  1890,  Vol.  XXVII. ,  pp.  56-69.  Eng.  Rec, 
Oct.  8,  1892,  p.  295. 

.    Earthen  vs.  Masonry  Dams.       A  paper  by  W.  W.   Foil et  lead  before 

the  Denver  Soc.  C.  E.,  Giving  a  brief  discussion  of  the  various  kinds  of  dams  as 
used  in  irrigation  works.  Includes  brush  or  log  dams,  crib  dams,  framed 
timber  dams,  masonry  dams,  earthen  dams  and  loose  rock  dams.  Eng.  News, 
Jan.  2,  i892,  et  sea- ;  Eng.  Rec,  May  14,  iS92,  et  sea- 

.    Failure  from  Frost  and  Ice.    See  Reservoir  Dams. 
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New    Croton    Dam   for   the     New    York    Water  Supply.       Map,  sections 
and  inset  of  details.      Eng.  News,  June  2,  1892,  pp.  552-3.      R.  R.  Gaz.,  Oct.  14, 
1892,  p.  i63. 
.     Tansa  Dam,  Bombay    Water-Works.      Illustrated  description  of  this 


masonry  dam;  length,  9,000  ft.,  height,   118  ft.      Eng- News.  June  3o,   1892,  pp. 

646-7.    Eng-  Rec,  Dec.  19,  1891,  p.  40. 
.     The  Bhatgarh  Dam,  on  the  Nira  River,  India.      Design  of  cross  section 

and  waste'sluices,  dam  103  ft.  high.    R.   R.    &=  Eng.    Jour.,  Aug.    1892,  pp. 

357-8. 
.     The  Folsom  at  Folsom.  Cal.     Details  of  dam,  head  gates  and  retaining 


walls,  height  of  dam,  89  ft.    .R  R.&*  Eng.  Jour.,  July,  1892,  pp.  3i5-8. 

.  The  Vyrnwy  Dam  for  the  Liverpool  Water-  Works,  England.  Descrip- 
tion of  dam  with  section  and  dimensions,  101  ft.  high,  R.R.&>E??g.  Jour., 
Sept.  i892.    See  also  Water  Supply  at  Liverpool. 

.     See  Backwater. 


Derrick.  Crosby  Wrought-Iron  Tubular  Derrick.  Designed  for  erection  of  large 
buildings.    Illustrated  description.    Eng.  News,  Nov.  28,  1891,  p.  504. 

Dikes.  Some  Notes  on  the  Holland  Dikes .  Elaborate  paper  by  Wm.  Starling,  des- 
cribing the  great  dikes  of  Holland,  the  method  of  construction  and  mainte- 
nance. Trans.  A.  S-C.  E.,  Vol.  XXVI.,  May,  1892,  pp.  559-656.  Discussion 
pp.  657-700.    Eng.  Record,  Nov.  11,  1892,  pp.  840-842. 

Dock.  Crib  Dock  for  Signa  Iron  Co.,  Cuba.  Timber  crib  ore  dock.  Illustrated 
description.    Eng.  News,  April  9,  i892,  pp.  342-3. 

,  Dry.  For  the  U.  S.  Naval  Station  at  Puget  Sound,  Washington.  De- 
scription with  inset  of  drawing  of  this  timber  dry  dock.  Eng.  News,  May  i9, 
1892,  pp.  500-1  • 

.     The  Cessnock  Docks,  Glasgow.     Description  of  the  docks  and  details  of 


the  concrete  cylinder  foundation.     From  Industries.    E?ig.   News,  June  2.  1892, 

pp.  566-7. 
.     The  Dry-Dock  and  Coffer-Dam  at  Mare  Island,  Cal.     Brief  description 

abstracted  from  a  paper  by   Otto  von   Geldern  in  the    Trans.  Tech.  Soc.  Pac. 

Coast.    E?isr-  Record,  Feb.  i3,  1892,  p.  177. 
.    See  Dry  Dock. 


Dock  Walls  of  New  York  City.  A  valuable  paper  giving  past  and  present  methods 
of  construction.    Eng.  Record,  Sept.  3,  1S92,  p.  211,  Oct.  I,  i892,  p.  2>6. 

Dockyard.  Lifting  and  Hauling  Appliances  for  the  Portsmouth  Dockyai  d,  England. 
Abstract  from  a  paper  by  John  F.  Corner  before  the  Inst.  M.  E.,  describing 
the  various  appliances.    Eng.  Nezvs,  Aug.  11,  1892,  p.  i38. 

Draft  Gear  for  Freight  Cars.  A  paper  by  D.  L.  Barnes  before  the  N.  Y.  R.  R. 
Club.  Very  fully  illustrated.  Ry.  Age,  June  3,  10,  17.  i892.  Ry .  Rev.,  June  4, 
i892.    R.  R.  Gaz.,  June  3,  1892,  pp.  408-9. 

Drainage.  Kankakee  Marsh,  Ind.  Description  of  two  proposed  methods  of  re- 
claiming this  marsh.  One  method  without  the  necessity  of  removing  the  rock 
ledge  at  Momence,  111.  Eng.  News,  Nov .  3,  i892,  pp.  410-411.  Report  of  an- 
nual meeting;    ///.  Soc.  Eng.  and  Surveyors,  i892. 

,  of  the  City  of  Mexico.    Report  of  a  paper  by  Roberto  Gayol  Fead  before 

the  meeting  of  the  Am.  Pub.  Health  Assn.  Gives  a  full  description  of  this 
work.  General  typography,  map,  system  adopted  and  alignment  of  sewers. 
Eng.  News.  Dec.  5.  and  12,  i89i  .  Discharging  capacity  with  diagrams,  rules 
for  junctions,  manholes,  and  ventilation,    id.,  Dec.  19,  i89i. 

.    Standard  Drainage  Plans,  City  of  Mexico.      Inset  giving  details  of  var- 


ious sewers,  and  drainage  channels,    Eng.  News,  Dec.  5,  1891. 

.    Stony  Brook,  Boston,  Mass.    See  Conduit. 

,  of  Town  Houses.    A  paper  by  G.  M.  Lawford  discussing  the  various  es- 
sential features  in  house  drainage.     Trans.  Soc.  Engrs..,  1891,  pp.  1S7-214. 
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Drainage  Canal.     See  Canal. 

.  Chicago  Drainage  Canal.  List  of  contracts,  and  price  with  approxi- 
mate estimates  of  quantities.     Eng.  News,  June  30,  i892,  p.  648. 

Drawbridge.  A  Good  Method  of  Protection  for  Approaching  Trains.  Automatic 
gates,  illuminated  semaphores  and  safety  stop  device,  regulated  by  bridge 
tender.     R.  R.  Gaz.,  Oct.  i4,  i892,  pp.  766-7. 

.    Experimental  Determination  of  the  Rolling  Friction  in   Operating  the 

Draw  of  the  Thames  River  Bridge,  Together  -with  Method  for  Determining 
Power  to  Operate  Draw-Bridges .  By  A.  P.  Boiler,  Jr..  and  H.  J.  Schumacher, 
Describes  methods,  apparatus  and  results.  In  the  discussion  Mr.  Theodore 
Cooper  gives  results  of  some  similar  observations  and  Mr.  Wm  .  H.  Burr  pre- 
sents formulas  for  finding  steam  engine  capacity.  Trans.  Am.  Soc.  C.  £., 
Vol.  XXV.,  Dec.  i89i,  Paper  No.  517,  pp.  63S-61. 

.    See  Bridges.    And  Bridges,  Draw. 


Drawing  Boards.  Suggestions  in.  By  A.  D.  Pentz.  Valuable  suggestions  with 
description  of  proposed  drawing  board.    Illus.  Am.  Mach.,  March  3i,  i8g2- 

Drawings.     See  Indexing  Drawings. 

Dredge.  A  Four-Screw  Hopper  Dredge.  Description  of  a  very  efficient  dredge,  in- 
cluding engines,  boilers,  etc.  Abstracted  from  a  paper  by  W.  G.  Walker  be- 
fore the  Inst.  C.  E.    Eng.  Rec,  Feb.  i3,  1892,  p.  180. 

.  Pumping  and  Dredge  Used  in  Reclaiming  Land.  Description  of  a  centri- 
fugal pumping  dredge.  By  John  Graham,  Jr.,  before  the  Eng.  Club  of  Phil. 
Abs.,  Eng.  Rec  ,  Feb,  i3,  1892,  pp.  178-9. 

Dredge  Pump.  Booth  Improved.  The  material  pumped  is  separated  from  the  plun- 
ger by  means  ol  flexible  diaphragms.  Very  successful  in  operation.  Illustrated 
'     description.    Eng.  Nnos,  March  26,  i892,  pp.  290-1 

Dredging.  Dredgcfor  Trestle-Filling  on  the  Nezv  Orleans  &=  Northeastern  R.  R. 
Continuous  Elevator  type.  Description  and  performance  table.  Eng,  News, 
Aug.  4,  i892,  pp.  101-2. 

On  the  Pacific  Coast.  Abstract  of  a  monograph  by  J.  H.  Miller,  describ- 
ing various  forms  and  giving  statistics  of  performances.  Eng.  News,  Aug.  4, 
iS92,  et  sea. 

Drill.    See  Electric  Drill. 

Dry  Dock.  American  Steel  Barge  Co.,  West  Superior.  '  Largest  dry-dock,  on  the 
great  lakes.    Short  illustrated  description.    R.  R.  Gaz.,  Nov.  18,  i892,  p.  857. 

.    See  Dock,  Dry. 

Dump  Car.  Worked  by  Compressed  Air.  See  Railroads,  Thatcher  Compressed  Air 
Dump  Car. 

Dust  and  Fresh  Air:  How  to  Keep  Out  the  One  and  Let  in  the  Other.  By  T.  P.  Teale. 
Advocates  screening  out  the  dust  by  means  of  filtering  material.  Describes 
various  experiments.  Jour.  Soc.  Arts,  Feb.  5, 1892,  pp.  2354-1.  Reprint,  Am. 
Arch.,  March  6,  1892. 

Dynamo.  Siemens  &  Halske  Alternating  Continuous  Current,  Direct  Coupled  Gen- 
erators. Short  illustrated  description.  500— 2,000  H.  P.  developed.  Sci.  Am. 
Sup.,  Oct.  29.  i892,   p.  i4o32. 

See  "  Turbine  Dytiamo.'' 

Dynamos.  Multipolar-  Description  of  Multipolar  Dynamos  at  the  Frankfort  ex- 
hibition. By  E.  Kalhen— Elect.  Eng.,  Nov.  25,,  Dec.  1,  iS9i,  pp.  571-5745,95- 
598,  Illus. 

Dynamos  and  Motors.  The  Practical  Management  of,  A  set  of  directions  in  which 
the  various  items  are  arranged  under  headings  for  convenience  of  reference. 
Illus.  By  Francis  B.  Crocker  and  A.  A.  Wheeler.  Elect.  Eng.,  Jan.  13,  i892, 
et  seq. 

Dynamometers.     See  Power. 


INDEX— ANNUAL   SUMMARY.  631 

Dynamo-Electric  Machinery.  By  J.  Hopkinson  and  E.  Wilson.  Abstract  of  paper 
read  before  the  Royal  Society.  Illustrated.  Elec.  Eng.,  May  4,  i892.  Elec. 
Eng.,  May  11,  iS92.     Elec.  World,  April  3o,  iS92. 

Dynamo  Electric  Machines.  The  Designing- of.  By  Osborn  P.  Loomis.  A  paper 
read  before  the  Elec.  Sec,  of  the  Brooklyn  Inst.    Elec.  Eng.,  March  16,  i892. 

Earth.  Unloading  from  Cars.  Illustrated  description  of  a  practical  method  of  rap- 
id unloading  of  cars  by  means  of  a  plow  drawn  by  winding  apparatus.  Used 
on  the  Delaware  &  Hudson  Canal  Co.  R.  R.  Eng.  News,  Oct.  6,  i892,  pp.  316- 
3i7.    R.  R.  Gaz.,  Oct.  7,  i892,   pp.  746-?. 

Earthwork.     See  Railroad  Earthwork. 

- .    Settlement  of  the  Embankme?it  between  SguanUan  and  Moon  Island,  Bos- 


ion  Main  Drainage  Works.  Results  of  observations  on  the  settlement  of  em- 
bankment resting  on  soft  mud.  By  H.  H.  Carter.  Jotir.  Assn.  Eng.  Soc, 
July,  i892,  pp.  355-62. 

Economics.  Legal  Theories  of  Price  Regulation.  A  valuable  paper  by  Prof.  A.  T. 
Hadley  in  the  Yale  Review,  giving  a  history  and  discussion  of  the  various  the- 
ories.    R-  R.  Gaz.,  Aug.  12,  1892,  pp.  594-6. 

Ejector.     See  Transfer  Bridge. 

Ejectors.  Water,  Steam  and  Air.  Practical  applications  to  pumps  of  small  lift, 
ventilation,  etc.     Illus.     Eng.  Record,  Nov.  i9,  1892,  pp.  4oo-i. 

Electric  Batteries  Employed  for  Generating  Power;  Economy  in  Primary.  By  A. 
E.  Kennelly.  Paper  presenting  conditions  that  determine  economic  selection 
of  batteries  for  power.    Elec.  Eng.,  March  3o,  i892. 

.     On  the  Causes  of  the  Changes  of  Electromotive  Force  in  Secondary    Bat- 


teries.    A  paper  by  J.  H.  Gladstone  and  W.  Hibbert  before  the  Inst.    E.   E. 
giving  the  results  of  experimental  investigation.     Elec.   Rev.,  May  27,  June  3, 
i892. 
.     Secondary  Batteries.    A  paper  by  G.   A.  Robertson,   read  before  the 


Soc.  Arts,  London.  Gives  brief  history,  with  discussion  of  the  various  types, 
their  faults,  etc.  Illus.  Reprint,  Sci.  Am.  Sup.,  No.  838,  Jan.  23,1892,  pp.  i33go- 
4.    Elec.    World,  Jan.  g,  16,  23,  iS92.    Abs.  Elec.  Eng.,  Jan.  13,  1892. 

Electric  and  Cable  Railways.  Comparative  Cost  of .  Tabulated  details  of  opera- 
ting expenses  of  eight  cable  railways  and  seven  electric  railways.  Eng.  News, 
Oct.  27,  i892,  p.  404.    Eng.  Record,  Oct.  29,  1892,  p.  342. 

Electric  Construction.    A  Perfect  Overhead.     Report  of  a  committee  of  the  Amer. 

Street  Ry.  Assn.    Elec.    World,  Oct.  29,  1W2.    St.  Ry.  Gaz.,  Oct.  24,  1892.     St, 

Ry.  your.,  Oct.  1892. 
Electric  Car  Houses.    By  A.  K.  McCay.     Paper  describing  a  car  house    designed 

and  built  by  author.    Illus.    Elec.  Eng.,  Apr.  6,  1892. 

Electric  Conductors,  Insulators  for.  Oil  as  a?i  Insulator.  By  Prof.  D.  E.  Hughes 
before  the  Inst.  E.  E.  Discusses  the  subject,  and  gives  results  of  many  ex- 
periments.   Elec.  Rev.,  March  n,  1892,  pp.  321-3. 

Electric  Currents.  Alternate  Currents  of  High  Potential  and  High  Frequency ,  Ex- 
periments with.  By  Nikola  Tesla.  A  lecture  delivered  before  the  Inst,  of 
Elec.  Engrs.    (London.)    Illus.    Elec.  World,  May  7,  i892. 

.    Alternating.    Some  Experimental  Investigations  of.       By  Alexander 


Siemens.  A  paper  describing  many  important  investigations  upon  alternat- 
ing current  machines.  Read  before  the  Inst.  E.  E.  Elec.  Rev  ,  March  4,  1S92. 
pp.  286-92. 

.    High  Tension  Currents  Underground,  from  a  Physical  and  Financial 

Standpoint.  The  operation  of.  By  E.  A.  Leslie.  Paper  read  before  Nat.  Elec. 
Light  Assn.  Elec.  World,  March  5,  i892.  Elec.  Eng.,  March  2,  1892.  Ab- 
stract. 
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Electric  Drill.  The  Electric  Percussion  Drill  in  Theory  and  Practice-  A  paper  by 
Harry  N.  Marvin,  before  the  Am.  Inst.  E.  E.  An  illustrated  paper  describing 
and  discussing  various  types.  Elec.  World,  Aug.  i3,  1892,  pp.  103-5.  Eng. 
News,  Aug.  25,  1892. 

Electric  Dynamos.     See  Dynamo — Electric  Machinery . 

.    An  Experimental  Study  of  the  Waste  Field  of  Dynamos.       A  paper  by 

Wm.  L.  Puffer  embodying  the  results  and  thesis  of  E.  D.  Brown  and  F.  M. 
Greenlaw.  Four  diffeient  dynamos  were  experimented  upon.  Illus.  Tech. 
Quart.,   Vol.  IV.,  No,  3,  Oct.  1891,  pp.  205-19. 

Relative  Weights  and  Cost  of.    By  Carl  Hering.    An  approximate  em- 


pirical law  of  the  relative  rates  of  increase  of  weights  and  prices   with  output. 
Illus.    Elec.  World,  Apr.  30,  i892. 

Relative  Weight  and  Cost  of  .      Paper  by  A.   T.  Snell  discussing  this 


question  and  giving  curves  showing  the   relation.     Elec.  Rev.,    May  20,  1892, 

pp.  628-30. 

.    See  Dynamo-Electric  Machinery. 

.    Railway  Dynamos  and  their  Manufacture-      Part   I. — Shop   Practice 

as  found  at  the  Thomson-Houston  Electric  Go's.  Works,  Lynn,  Mass.       Illus. 

St.  Ry.  Jour.,  Aug.  1892,  pp.  452-57. 

A  Dynamo  Indicator,  or  Instantaneous  Curve-  Writing  Voltmeter .       A 


paper  by  G.  S.  Moler  read  before  the  A.  I.  E.  E.,  describing  a  new  instrument. 
Elec.  World,  July,  2,  i892,  pp.  6-7. 

The  Determination  of  the  Efficiency  of.   By  Gispert  Kapp.   Description 


of  two  older  methods  and  a  proposed  new  method.    Illus.    Elec.  World,  Feb. 

20,  1892. 
Electric  Elevator.     See  Elevator. 
.     77ie  Sprague-Pratt.      Description  of  worm-gear  elevator  for  service 

requiring  speed  of  about  200  ft.  per  min.    Illus.    Elec.  World,  Apr.  2,  i892. 

Electric  Heaters.  By  W.  H.  Merrill,  Jr.,  and  F.  E.  Cabot.  Description  of  gener- 
al principles  of  construction.     Eng.   News  May  i9,  i892,  p.  505. 

Electric  Hoisting  Machinery.     Application   of  Electricity  to  Hoisting  Machinery. 

Paper  by  R.  Bolton  before  the  Soc.  Engrs.,  discussing  its   many  advantages. 

Elec.  Rev.,  May  6,  1892,  pp.  579-So.    Mech.   World,  May  20,  1892. 
Electric  Hoisting  Plant  of  the  Denver  Public  Warehouse.      A  good  descriptive  ar- 
ticle by  Lewis  Searing.    Elec.  Eng.,  Oct.  12,  i892. 
Electric  Lamp  Carbons.     See  Carbons. 
Electric  Lamps,    Li fe  and  Efficiency .     Test  of ' Incana 'esc e?it  Lamps.      Full  results  of 

an  extensive  series  of  tests  made  by  Prof.  B.  F.  Thomas,  P.  Martin  and  R.   H. 

Hassler.    Paper  before  the  A.  I.  E.  E.    Elec.  World,  July  16,  i892,  pp.  42-4. 
.    Some  Incandescent  Lawip  Curves  and  some    Wire   Calculations  without 

Tables  or  Diagrams.     Eleven  sets  of  curves,   with  examples  calculated.       By 

Prof.  E.  P.  Roberts.    Elec.  World,  July  2,  i892,  pp.  9-  10. 

Electric  Light.  Efficiency  Test  of  a  Brush-Swan  electric  light  station.  By  Freder- 
ick Bedell.  Short  description  of  methods  used  with  tabulated  results.  Elec 
World,  Sept.  i892,  p.  i64. 

.     See  Arc  Light. 

Electric  Lighting.  "The  Lamp,"  the  "Electric  Light  Station  Manager,"  and  the 
"Customer."  Paper  by  E.  P.  Roberts  before  the  C.  E.  Club  of  Cleveland, 
discussing  chiefly  the  efficiency  and  economy  of  lamps,  four.  Assn.  Eng.  Soc, 
Jan.  1892,  pp.  24-33. 

.     See  Car  Lighting. 

at  Top eka,  Kansas.    A  description  of  this  plant   which  is  owned  by  the 

city.  Gives  cost  of  operating.  Trans.  A.  S.  C.  E-,  Vol.  XXVI.,  Apr.  i892, 
pp.  427-32.    Discussion,  pp.  430-8.    Abstract,  Eng.  News,  June  16,  i892. 
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Electric  Lighting.  Financial  Aspects  of.  By  S.  J.  Parker  before  Canadian  Elec. 
Assn.  discussing  the  question  of  dividends  and  prices.  Elec.  World,  July  16, 
i892,  p.  41. 

.    Figures  for  Electric  Light  Production.    By  W.  H.  Booth.    A  discussion 

of  the  question  of  the  proper  provision  of  mechanical  power  for  a  given  num- 
ber of  lamps.    Elec.  Rev.,  Apr.  1,  i892,  et  seq. 

from  a  Financial  Standpoint.    By  Erastus  Wyman.    Paper  read  before 

Nat.  Elec.  Light  Assn.  Elec.  World,  March  5,  i892.  Elec.  Eng.,  March,  2, 
i892,  abstract. 

— ■  in  Mass.,  Statistics  of.    Annual  report  of  the  Board  of  Gas  and   Electric 


Light  Commissioners  of  Mass.    Elec.  World,  March  26,  i892. 

Electric  Light  Wiring  for  Houses.  ApaperbyE.C.  DeLegundo  discussing  this 
subject  both  as  to  the  protection  afforded  by  the  supply  company,  and  the 
technical  side  of  the  subject.    Elec-  Rev.,  Jan.  1,  1892,  et  seq. 

Electric  Locomotives;  Some  Results  lit  Actual  Working .  A  paper  by  Alexander 
Siemens  before  the  British  Assn.,  giving  tables  and  diagrams  showing  the  re- 
sults of  the  actual  working  of  two  locomotives  on  the  City  &  South  London  Ry. 
Elec.   World,  Aug.  27,  i892.  pp.  134-5. 

.    See  Electric  Railway  Applied  to  Steam  Roads. 

Electric  Mining  Machinery.  Electricity  in  Bituminous  Mining,  A  paper  by  E. 
A.  Sperry  before  the  A.  I.  E.  E.,  describing  the  various  mining  machinery  and 
its  use.  Elec.  World,  June  25,  1892,  pp-  439-42.  Abs.,  Eng.  News,  July  21, 1892, 
pp.  50-1. 

at  the  Virginias  Mines,  Ouray,  Colo.       Brief  description  of  the  plant, 

Water  power  is  used  to  run  the  dynamos.  Eng.  News,  March  12,  i892,  pp.  239- 
49.  Illustrated  description,  E.  &*  M.  Jour.,  March  12,  ib92,  pp.  304.5.  Elec. 
World,  March,  12,  1892. 

Electric  Motors.  Altertiate  Current  Motors.  ByWm.  Stanley,  Jr.  Paper  read  be- 
fore the  Nat.  Elec  Light  Assn.  at  Buffalo.  Illus.  Elec.  World,  March,  5,  1892. 
Elec.  E?ig.,  March  2,  abstract. 

— as  Substitutes  for  Steam  Locomotives.     A  discussion  of  this  question  as  to 

the  present  outlook.  By  Prof.  A.  T.  Woods.  R.  R.  Gaz.,  June  24,  1892, 
pp.  459-63. 

■ .    Bucking  of.    Causes  of  and  suggested  remedies.    Illustrated.    St.  Ry. 

Rev.,  Nov.  i892. 

.    Electric  Railway  Motor  Tests.   Description  and  results  of  several  tests, 

by  Prof.  G.  D.  Shepardson  and  E.  P.  Burch  in  a  paper  before  the  A.  I.  E.  E. 
Elec.  World,  July  9,  1892,  pp.  24-o 

.    ForMifies.     See  Mining. 

.Methods  of  Electrically  Controlling  Street  Car  Motors,  By  H.  F.  Pars- 
hall.  Read  before  the  American  Inst,  of  Elec.  Engrs.  Illus.  Elec.  World, 
Apr.  3o,  i892.  Elec.  Eng.,  Apr.  27,  i89i.  St.  Ry.  Gaz.,  Apr.  3o,  i8g2.  St.  Ry. 
Jour.,  May,  i892.  «^_ 

.  Multiphase  Current.  The  Tesla.  By  Albert  Schmid.  A  general  de- 
scription of  motor.    Illus.    Elec.  Eng.,  March  2,  1892. 

.    New  Electric  Car  Motor.    In  this  both  armature,  and  poles  of  the  field 

magnet  are  free  to  revolve,  the  latter  working  against  compressed  air.  Illus- 
trated description,  with  efficiency  diagrams.  St.  Ry .  Gaz.,  December,  1S91, 
pp.  264-5. 

.Street  Car  Motors,  Methods  of  Electrically  Controlling.  By  F.  H.  Par- 
shall.  An  addition  to  paper  of  April  3o  issue,  and  a  synopsis  of  the  discussion. 
Illustrated.    Elec.  World,  May  14,  1892. 

.     The  Gearless  Motor .      By  Prof.  S.  H.  Short  before  the  Chicago  Elec. 

Club,  discussing  this  subject  and  describing  the  Short  gearless  motor.    St.  Ry. 
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Jour.,  May,  i89a,  pp.  3i2-i4.     St.  Ry.  Rev.,  Apr.,  iS92,  pp.  190-4.      St.  Ry.  Gaz., 

Apr.  g,  16,  1892.    Electrical  World,  Apr.  16,  i892.    Elec.  Eng-.,  Apr.  13,  i892. 
Electric  Overhead  Construction.     By  E.  F.  Peck.      Paper  read  before  Nat.  Elec. 

Light  Ass1^  at  Buffalo.    Illus.     Electrical    World,   Mar.  5,  1892.     Elec.  Eng., 

Mar.  2,  i892,  (abstract.) 
Electric  Plant.    Direct  Current  Transformer  Pla7tt  at  Olympia,    Washington.     By 

R.Fleming.     Brief  description  of  plant  using  alternating  and  direct  current 

transformer  systems.  .  Illus.  Elec.  Eng-.,  Apr.  6,  1892. 
.     The  Supply  of  Electricity  at  Oxford.  Detailed  description  of  this  plant. 

Illus.    Elec.  Rev.,  July  8,  1892,  pp.  33-46- 
Electric  Power  Station  of  the  Brookline  Gas  Light  Co.   By  Robert  Amory.  Abstract 

of  a  paper  read  before  the  New  Eng.  Ass'n  of  Gas  Eng'rs.      Illus.    Elec.  Eng., 

Mar.  16,  1892. 
.    Some  Points  on  Railway  Stations.      By  Wm.  Lee  Church.     An  article 

considering  relauve  capacity  of  engines,  generators,  and  boilers.  Illus.    Elec. 

Eng.,  April  27,  i892.    St.  Ry.  Jour.,  May,  1892. 

Electric  Power  Transmission.  High  Potential  Transmission.  By  Elihu  Thomson. 
An  interesting  comparison  between  direct  and  alternating  high  potential  trans- 
mission.   Illustrated.    Power,  May,  1892. 

.    See  Power  Transmission. 

.     Transmission  of  Power  with  Special  Reference  to  the  Frankfort  Plant. 


A  paper  by  Carl  Hering  before  the  Nat.  Elec.  Light  Assn.    St.  Ry.  Gaz.,  Feb. 
27,  iS92,  pp.  4-5. 

.    The  International  Electric  Exhibition  at  Frankfort  in  i89i.  Description 


of  Dynamos  and  Motors.     Illus.     Dr.  Jos.  Epstein.    Ztst.     Ver.  Deutscher  In- 
genieure,  7,  Novemb'  r,  1891,  pp.  i255-6i. 

in  Mining.    Article  by  Irving  Hale   discussing  in  a  popular  way  the 


economy  of  electric  transmission,  and  describing  some  notable  plants.  Illus- 
trated.   Eng.  Mag.,  Sept.  i892,  pp  774-86.    Elec.  World.  Apr.  g,  23,  1892 . 

Electric  Pump.     See  Pump. 

Electric  Railways  applied  to  Steam  Roads.  Paper  by  B.  J.  Dashiell  before  A.  S.  M. 
E.  giving  a  description  of  a  large  electric  freight  locomotive  used  for  transfer- 
ring freight,  on  standard  gauge  road  at  Whitinsville,  Mass.  Motor  100  H.  P., 
weight  of  locomotive  21  tons.     Trans.  A.  S.  M.  E.,  Vol-  XIII.,  i892. 

.    Elevated  Electric  Railway ,    World's  Columbian  Exposition.     General 

description  and  full  details  of  construction.  Timber  bents,  25  ft.  apart,  I  beams 
for  stringers.    Eng-.   News,  Oct.  20,  1892,  pp.  362-3. 

,  at  the  World's  Fair.    Cross-section  showing  details  of  elevated  railway. 


St.  Ry.  Rev.,  July,  i892,  pp,  367-8. 

Chicagro-St .  Louis  Proposed  Hig-h  Speed  Electric  Railroad.  Abstract  of  a 


lecture  by  Dr.  Wellington  Adams  before  the  N.  Y.   Elec.  Club,  describing  in 

detail  this  improved  road.    Illus.    Elec.  World,  June  11,  1892,  pp.  3gS-99. 
,  from  Chicago  to  St.  Louis,  Proposed  High  Speed,      A  prospectus  of  the 

proposed  line,  illustrating  the  proposed  route  and  car.    Elec.    World,  Feb.  20, 

1892. 
.    Historical  Description.    Fully  illustrated.      Dr.  Richard  Ruhlmann. 


Zeitschriftdes  Vereins  Deutscher  Ingenieure  1892,  Vol.  36,  No.  1,  pp.  15-21,  1892. 
Vol.  36,  No,  2,  pp.  33  38. 

.     Tests  of  Power  Required  to  Drive  Electric  Cars,  and  Total  Efficiency  of 

Motor.  Results  of  tests  made  by  L.  B.  Bonning.  Ry.  Rev.,  July  16,  i892.  pp. 
462-3. 

.     Operating-  Expenses  and  Receipts  of  the  City  &=  South  London  Railway. 

Extracts  from  report,  giving  statistics  and  discussion  on  cost  of  electric  traction 
Eng.  News,  Feb.  27,  1892,  pp.  207-8.  See  also  brief  article  in  R.  R.  Gaz..  Feb. 
ig,  i892,  p.  140.    Detailed  figures  are  given  ibid..  March  4,  p.  172. 
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Electric  Railways.  Test  of Neversink  Mountain  Electric  Road.  Detailed  description 

of  the  road,  plant,  etc.,  with  full  account  of  elaborate   tests.      By  Hermann  S. 

Hering  and  William  S.  Aldrich  of  John  Hopkins  Uni.    Elec.  World,  May  28,  to 

July  3o,  i892. 
.     The  Status  of  the  Electric  Railway.    A  brief  article  by  R.  Hunt  giving 

a  sketch  of  the  present  status  of  the  electric  railway.      Eng.  News,  Jan.  3o,  1892, 

pp.  97-8. 
.     City  a?id  South  Lottdo?i  Electric  Railway.     A  concise  description  of  the 


road  and  its  operation.    By  G.  A.  Grindle,  C.  E.  before  the  Tramways  Inst,  of 
Grt.  Britain  and  Ireland.    Abstract,  St.  Ry.  Jour .,  Aug.  1892,  pp.  4768. 

.    East  Cleveland.     Description  of  plant.      St.  Ry.  Jour.,   April,  i892,  pp. 


200-4. 

— : .    Induction  Electric  Railway  System.     By  M.  W.    Dewey.      A  brief  but 

clear  description  of  system.  Illus.  Elec.  Eng.,  April  20,  i892.  Elec.  World, 
April  23,  i892. 

.    Load  Diagrams  of ,  and  the  Cost  of  Electric    Traction.     A  paper  by  A. 

Reckenzaun  giving  the  results  of  the  workings  of  several  railroads.  Read  be- 
fore the  Inst.  C.  E.    Elec.  Rev.,  March  25,  1892,  pp.  3^4-9. 

,  of  Milwatikee.    Description  of  the  electric  railway  system  of  Milwaukee, 

the  power  plant,  etc    St.  Ry.  Rev.,  July,  1892,  pp.  35i-56. 

,  on  the  Conduit  System  at  Budapest.      Description  of  this  line,  abstracted 

Elec.   World.    Eng.  News,  May  i9,  1892,  pp.  517-8. 

.    The  Love  electric  conduit  system  in  Chicago.    Short  description  with 

sections  of  conduit.    Elec.  Eng.,  Sept.  2,  1892,  p-  273. 

.    Bradley  Conduit  System.    Short  illustrated  description.    St.  Ry.  Rev., 

Oct.,  iS92. 
,    Brain  System  of  Electric  Traction.     Closed  conduit.    Short  illustrated 


description.    St.  Ry.  Rev.,  Oct.,  i892. 

Coming  Developments  of '.    Inaugural  address  by  Frank  T.  Sprague  be- 


fore the  A.  I.  E.  E-.      Abstract,  Elec.  World,  June  28,   ]892,  pp.  4i5-i6;  En£ 

News,  July  7,  i4,  1892.    St.  Ry.  Gaz.,  June  27,  1892,  pp.  2-8. 
.    Litigation  of.      Rights  of  abutting  owners.     Liabilities  to  telephone 

companies.     Liability  for  injuries.    Elec.  World,  Sept.  3,  10,  iS92. 
.    Notes  on  construction  by  A.  K.  McCay.  Illus.    Elec.  Eng.,  Jan.  6,  1892. 

.    Poi?its  on  Small  Power  Stations.    By  Wm.  Lee  Church.     Discusses  the 

duty  of  the  engine  in  a  power  station.    St.  Ry.  Jour.,  July,  1892,  pp.  4o7-8. 

.    Pole  Line  Construction.    By  W.  F.  D.  Crane.     A  complete  discussion 

showing  where  wooden  poles  may  and  may  not  be  used.     Elec.  Eng.,  May  18, 
i892. 


.    Power  Plants  for.     Article  by  J.  H.  Bickford,  discussing  requirements 

of  a  model  plant.    Illus.    St.  Ry.  Jour.,  March,  1892,  pp.  145-7. 
.     Series  Electric  Traction-      By  Nelson  W.   Perry  before   the  Am.  Inst. 


E.  E.  describing  a  series  system  of  traction.  Illus.  St.  Ry .  Sour.,  July ;  i892, 
pp.  4o8-9.    St.  Ry.  Gaz ,  June  20,  1892,  pp.  2-7. 

— .  Standards  for  Electric  Street  Railway.  Abstract  of  a  report  of  com- 
mittee of  the  Amer.  Street  Ry.  Assn.  Elec.  World,  Oct.  29,  1892.  St.  Ry.  Gaz., 
Oct.  24,  i892.    St.  Ry.  Jour.,  Oct.  1892. 

.     Underground  Construction  of  the  Buffalo  Railway  Company.     A  paper 

by  J.  F.  Cravan  before  the  Nat.  Elec.  Light  Assn..  describing  this  work  and 
discussing  the  problems  connected  with  it.      Si.  Ry.  Gaz  ,  March  5,  i892,  p.   6. 

.     Underground  Electric  System.    A  new  conduit  system  in  which  a  long 

trolley  comes  in  successive  contact  with  fixed  brushes.  Illus.  St.  Ry .  Gaz., 
May  3o,  i892,  pp.  4-6. 

.    Roadbed  and  Underground    Wiring.      Report  of  Mr.   Geo.  W.    Baum- 
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hoff  to  the  Cleveland  Convention  of  the  American  Street  Railway  Association. 
Gives  short  sketch  of  the  most  recent  methods  of  construction  of  the  best 
equipped  roads.  Eng.  News,  Oct.  27,  1892,  pp.  4o2-4o3.  Elec.  World,  Oct.  29, 
1892.    St.  Ey.  Gaz.,  Oct.  24,  i892.     St.  Ey .  Jour.,  Oct.  i892. 

.    System  of  Little  Eock,  Ark.    Illustrated  description  of  tracks,   power- 


house and  boiler  rooms.    St.  Ey.  Jour.,  Sept.  i892. 

.    Power  Eeguired  and  Efficiency  Test  of  Motor.    Paper  by  L.  B.  Bonnett 

before  A.  S.  C  E.,  giving  results  of  tests  and  description  of  methods  used. 
Trans.  A.  S.  C.  £.,  Vol.  XXVII.,  pp.  337-312. 

.    See  Street  Eailway . 


Electric  Storage  Batteries.  A  lecture  by  G.  H.  Robertson,  giving  a  brief  history 
of  the  improvements  in  the  various  types.  Table  giving  makeup  of  various 
batteries,  their  capacities,  efficiencies,  etc.  Jour.  Soc.  Arts,  Dec.  4,  1891,  pp. 
44-60. 

Electric  Traction.    See  Railroad  Operation. 

.    Recent  Improvements  in.      Extracts  from  paper  by  L.  A.   Mclntire- 

Tendency  towards  heavier  construction.  Eng:  News,  Sept.  29,  i892,  pp- 
307-8. 

.     The  Brain  System  of  Covered  Conduit.      Connection  made  by  raising 


cover  rail  by  rollers  attached  to  car.    Elec.  Eev..  Sept.  g,  1892,  pp.  317-20. 
Electric  Welding.    Description  of  the  Bernardos  system  of  welding  by  the  electric 

arc.    Elec.  World,  Jan.  16,  i892.  Illus.  See  also  Sci.  Am.  Sup.,  Feb.  6,  1892. 
Electric  Welds.     See  Testing. 
Electrical  Apparatus  of  Siemens  Bros.    Illustrated  description  of  different  forms  of 

motors.     Experiments  with  high  tension  alternating  currents     Engineering, 

Sept,  2,  9,  16,  1892. 

.    Measuring  Instruments.      Extracts  of  a  valuable  paper  by  Mr.  James 

Swinburne  before  Inst.  C.  E.,  giving  description  and  requisities  for  various 
electrical  measuring  instruments  with  continuous  and  alternating  currents. 
Eng.  News,  Sept.  iS,  22,  29,  18  2. 

Electrical  Appliances  in  Navigation.  A  paper  by  Emanuel  Berg  read  at  the 
Frankfort  Electrical  Congress.  Describes  certain  minor  appliances  and  dis- 
cusses the  electrical  apparatus  on  the  magnetic  needle.  Mech.  World,  Mar. 
iS,  1S92,  p.  i35. 

Electrical  Conductors.  On  the  Specification  of  Insulated  Conductors  for  Electric 
Lighting  and  Other  Purposes.  A  paper  by  W.  H.  Preece  before  the  Inst.  E,  E. 
discussing  in  detail  the  various  properties  specified.  Elec.  Eev.  Dec.  11.  1891, 
et  seq. 

.    See  Temperature  and  Current. 

Electrical  Distribution.    Developments  of .    Cantor  Lectures.     Paper  by  Prof.   Geo. 

Forbes.    Low  pressure  and  high   pressure  system,  feeders  and   distributing 

mains.     Water  power  and  long  distance  transmission.    Jour.  Soc.  Arts,  Sept. 

16,  1892,  et  seq. 
— ,  by  Alternating  Currents  and  Transformers.  A  discussion  of  this  subject ' 

by  Rankin  Kennedy.    Elec.  Eev.,  Apr.  22,  1892,  et  seq. 

-,  by  Multiphase  Currents.    Conversion  of  high  pressure  multiphase  cur- 


rents into  low  pressure  continuous  currents.      Paper  by   Rankin   Kennedy. 
Elec.  Eev.,  Sept,  9,  1892,  pp.  3oi-io. 
Electrical  Exhibition.     The  Crystal  Palace  Electrical  Exhibition.      A  series  of  arti- 
cles describing  the  exhibits.    No.  1.  gives  a  general  description.     Lon.  Eng., 
Jan.  1 5,  1892,  pp.  8i-3. 

Electrical  Forging  and  Tempering.      Drawings  of  three  styles  of  apparatus,  with 

description.    Iron  Age.  May  26,  i892,  pp.  1028-9. 
.     The  Burton  System  of.     Describes  a  process  for  heating  metals  for 
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forging  purposes;  also  a  specially  designed  converter.     Illus.     Elec.    World, 

Jan.  27,  1892. 
Electrical  Resistance.     The  Construction  of  Non-inductive.    By  Prof.  W.  E.  Ayrton 

and  T.  Mather.    A  paper  read  before  the  "Physical  Society  of  Lon.'"     Illus. 

Elec.  World,  Feb.  i3,  1892. 
Electrical  Transformers.      Tests  vf  Two  6,500- Watt    Westinghouse    Transformers. 

By  Dr.  John  Hopkinson.     Description  and  results  of  tests  with  curves.    From 

The  Electrician.      Elec.  World,  July  16,  23,  i892.      Elec.  Rev..  July  1,  i892,  pp. 

10-16. 
.     The  efficiency  of  Transformers  at  Different  frequencies.   Giving  results 

of  experiments  on  different  types  of  transformers  under  varying  loads.     Elec. 
"  Rev.,  Sept.  23,  1892,  pp.  375-8. 
Electrical  Transmission.     Long  Distances.     See  Power  Transmission. 
.    Long  Distance  Transmission  for  Lighting  and  Power.     A  description 

of  two  plants,  one  for  lighting  and  one  for  power.     By  C.  F.   Scott  before  the 

A.  I.  E.  E.     Illus.     Elec.    World.  June  j8,   1892,   pp.  419-21.      Abstract.  Eng. 

News,  July  21,  1892,  p.  52 

.     The  Practical  Limits  of  High  Potential  Transmission.     Abstract  of  an 

article  in  IJ  Industrie  Eleclrioue, discussing  the  insulation  of  high  potential 
currents.    Elec.  Rev.,  May  20,  1892,  p.  633. 

— .    Efficiency  of  the  Lauff  en-Frankfort  Power   Transmission  Plant.     The 

results 'of  tests  of  this  plant.  An  efficiency  of  from  60  to  75  per  cent,  was  at- 
tained.   Paper  by  Carl  Hering.    Elec.    World,  July  2,  i892,  p.  8. 

Electrical  Transmission  of  Power.  Results  of  Tests  of  Lauff  en- Frankfort  Plant.  A 
brief  account  by  Carl  Hering  of  recent  tests  showing  a  total  efficiency  of  over 
72  per  cent.    Elec.  World,  Jan  9,1892. 

Electricity  as  Allied  to  Torpedo  and  other  Naval  Purposes.  Abstract  of  an  inter- 
esting paper  by  Lieut.  F.  T.  Hamilton.  Elec.  Rev.,  May  20,  i892,  pp.  635-6. 
Alcch.  World,  May  27,  i892,  etsea. 

.    Applied  in  Dockyards.   On  the  Application  of  Electricity  in  the  Royal 

Dockyards  and  Navy.  A  paper  by  H.  E.  Deadman  before  the  Inst.  M.  E., 
describing  the  various  applications.    Elec.  World,  Aug.  i3,  i892,  el  sea. 

.    Alternating  Electric  Systems  and  their  Physical  Hazards.    A  paper  by 


G.  P.  Low,  before  the  Fire  Underwriters  Assoc,  of  the  Pacific  Coast.  Reprint, 
Sci.  Am.  Sup.,  Feb.  6,  i892,  pp.  i342<t-5. 

.  as  a  Mode  of  Amotion.  Results  of  investigations  as  to  the  relation  of  elec- 
tricity to  other  forms  of  energy.  By  Prince  Krapotkin  in  the  Nineteenth  Cen- 
tury, May,  1&52.    Extracts,  Eng.  News,  June  30,  1892,  pp.  C64-5. 

.    Diminution  of  Fire  Hazard  since  the  Introdt(ction  of  Electricity .     An 

article  by  John  McGhie  discussing  this  question  and  requirements  for  installa- 
tion.   Elec.  World,  Aug.  20,  i892,  p.  122. 

.    Relation  Between    Te?nperature  and  Current.      See    Temperature  and 

Current. 

•    Mining.    See  Mining. 

Electricity  in  Mining-.  A  paper  by  Ernst  Scott  read  before  the  Inst.  Engr's  and 
Shipbuilders.  Describes  the  various  uses  to  which  it  may  be  put,  and  dis- 
cusses its  advantages  over  other  methods  of  power  transmission.  Pract.  Engr., 
Jan.  i5,  i892,  et  sea.    Elec.  Rev..  Jan.  i5,  i892,  pp.  59-60. 

Electro  Currents.  Alternating  Direct  Current  Transformation,  A  Proposed  System 
of.  By  F.  Jarvis  Patten.  Abstract  of  a  paper  read  before  the  Amer.  Inst,  of 
Electrical  Engineers.  .  Illus.  Elec.  Eng.,  Feb.  24,  1892.  Elec.  World,  March 
19,  i892. 

Electro-Magnetic  Machinery.  Notes  on.  By  Wm.  S.  Aldrich.  Abstract  of  a  paper 
read  before  the  Franklin  Inst.  Illus.  Power,  March,  i89?.  four.  Frank.  Inst., 
March,  i892.    Elec.  World,  Feb.  i3,  27,  and  Mar.  i9,  1892. 
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Electro-Metallurgy.  Problems  of  Commercial  Electrolysis.  Valuable  paper  by  J. 
Swinburne  before  Inst.  Elec.  En grs.,  describing  the  various  processes  used 
for  different  ores.    Elec.  World,  Sept.  3,  10,  17,  24,  1892. 

Electro-Motive  Korce.  By  Fred  Bedell  and  Alb.  C.  Crehore.  A  paper  giving  ele- 
mentary principles  necessary  to  establish  the  equation  of  "Electromotive 
Forces"  for  a  circuit  containing  resistance  and  capacity.  Illustrated.  Elec. 
World,  May  21,  28,  i892. 

Elevated  Railroad.     See  Railroads,  Elevated. 

.     Chicago  <S°  South  Side  Rapid  Transit.     See  Railroad. 

Elevators,  Contributions  to  the  Development  of  Hydraulic  Lifting'  Machinery  in 
Germany.  By  A.  Ernst.  Hydraulic  cranes,  accumulators,  central  stations, 
etc.  Zeitschrift  des  Verein  Deutsche)-  Ingenieure,  1S90,  No.  34,  355;  1891,  Nos.  19, 
22-27,  30,  3r,     Illus. 

.    Hydraulic  Passenger,  Efficiency  of.     Description  and  comparative  test 

of  the  Hydro-Steam  and  Pumping  or  Tank  systems.  Tabulated  results  of 
tests  and  description  of  methods  used.  Industry,  Sept.,  i892,  pp.  733-742.  Ap- 
ply to  Industrial  Publishing  Co.,  San  Francisco,  Cal. 

.    Reno  Continuous  Passenger  Elevator.    Illustrated  description  of  an  ele- 


vator in  which  a  broad  slow-moving  belt  of  easy  incline,  elevates   the   passen- 
gers as  they  step  on.     By  J.  W.  Reno.      Eng.  News,  Aug.  25,  1892,  pp.  18S-9. 

Sprague-Pratt  Electric  Elevator.      Uses  Hydraulic  system  of  movable 


and  stationary  sheaves  worked  directly  by  screw  attached  to  axis  of  electric 
motor.  Illustrated  description.    Eng.  News,  Nov.  24,  iS92,  pp.  482-4S3. 

.    See  Electric  Elevator- 

.    See  Viaduct. 


Elipses,  Compass  for  Describing.  By  A.  J.  Wiley.  The  instrument  is  very  con- 
venient and  accurate.  Illustrated  description.  Eng.  Arcws,  May  12,  1S92,  p. 
473. 

Embankment.    See  Earthwork. 

Engines,  Compound.  By  James  Tribe.  A  series  of  papers  containing  data  of  vari- 
ous compound  engines,  and  the  solution  of  a  number  of  problems  in  design. 
Atner.  Mach.,  Jan.  28,  1892,  and  previous  issues. 

.    Compound.    Distribution  of  Steam  in  Single  Acting  Compound  Engine. 

Modification  of  the  Westinghouse  type  from  the  Wolf  and  Receiver  types. 
Discussion  and  indicator  diagrams.    Eng.  Arews,  Oct.  20,  ib92,  pp.  377-9. 

.     Compound.     Northern  Railway  of  France.    Illustrated  description  with 


dimensions.    Ry.  Rev.,  Sept.  17,  i892,  pp.  582.3. 
.     Compound,  0/  the  Buffalo  Railway  Co.,  of  Buffalo,  N.  Y.      Description 

of  engine  specially  designed  for  electric  railway  work.    Illus.      By  C-  J.  Field. 

Elec.  Eng.,  Feb.  3,  1892. 
.     Compound.    Slea?n  Distribution  in  a  Form  of  Single  Acting  Compound 


Engine.  A  paper  by  F.  M.  Rites  discussing  the  economics  of  the  question. 
Presented  at  the  San  Francisco  meeting  of  the  American  Soc.  M.  E.  R.  R. 
Gaz.,  May  27,  i892,  pp.  389-91. 

.     Compound-     Tables  giving  Comparative  Efficiency  of  Deane  2-cylinder 

compound  locomotive  with  simple  locomotive.  R,  R.  Gaz.,  Sept.  16,  i892, 
pp.  682. 

Compound  vs.  Simple  Engines  for  Cable  Railway  Plants.    Letters  from 


three  pi ominent  engineers  regarding  the  comparative  advantages  of  the   two 
types.     From  ''Power."    Eng.  Nezus,  Aug.  n,  1892,  pp.  123-4. 

.     Condensation  of  Steam  in  Cylinder.     See  Cylinder  Condensation. 

.     Continuous  Indicator  of  Power  Developed.    See  Power. 

.     Corliss,  High  Pressure  Tandem.    For  the  Pacific  Rolling  Mill  Co.,  San 
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Francisco,  Cal.    Capacity  150a  H.  P.     Fly  wheel  24  ft.  dia.     Short  description 
with  full  details.    Iron  Age,  Oct.  6,  1892. 

.    Express  Passenger  Engine,  Great    Western  Railway.      Short  descrip- 


tion with  details.    Lon.  Engineer,  Oct.  28,  i892,  pp.  365-77. 

.    Heat.     Cost  0/ Producing  Power  in  the  Internal   Combustion  Engine. 

an  analysis  of  the  cost  of  various  engines.    By  B.  H.  Coffey  before  the  Engrs. 
Club  of  Phila.    Ry .  Rev.,  July  16,  1892,  p.  457. 

Marine.    Balancing  Marine  Engines  and  the  Vibration  of  Vessels.    Pa- 


per by  A.  F.  Yarrow  before  the  Inst- of  Naval   Architects,   giving  results  of 
series  of  experiments  to  determine  vibrations  of  fast  steamers.      R-  R.  ©-=■  Eng. 
7cur.,  Aug.  1892. 

■    Marine.    Engines  of  the  U.  S.    Cruiser  Maine.      Illustrated  descrip- 
tion.   Power,  Dec.  1891,  pp.  1-2. 

.    Marine.    Its  Construction,  Mode  of  Action,  and  Management.     By  Carl 


Busley.    Translated  by  E.  Theiss,  U.  S.  N.,  and  published  in  Mechanics,  Dec. 
i&qi,  el  sea. 

.    Marine.    Machinery  of  the  U.  S.  S.,  New  York.      General  description 

with  section,  plan  and  general  view.    Eng.  News,  Jan.  23,  1892,  pp.  72-3. 

.    Mining.     Description  of  Cornish  Pumping  Plant  for  Deep  Mines.     II- 


lus.    Mech.  World,  July  15.  22,  1892,  pp.  i8-24> 
.    Priestman  Petroleuy?i  Engine.     Paper  by  W.  C.  Unwin  before  Inst.  C. 


E.,  giving  illustrated  description  and  results  of  numerous  tests.     Practical  ap- 
plications of  this  form  of  engine.    Proc.  Inst.  C.  E.,  Vol.  CIX.,  pp.  1.-8S. 

.    Priestman  Petroleum. Engine.     Description  and  particulars  regarding 


the  workings  of  this  engine,  from  a  paper  by  Dr.  Coleman  Sellers.  Eng.  News, 

Sept.  1,  i892,  pp.  200—1 
.    Petroleum  and  Gas.    Cantor  Lectures.    Paper  by  Prof.   W.    Robinson, 

describing  in  full  the  uses  of  petroleum  in  prime  movers.       Oil    gas  engines, 

spray  injectors,  oil  storage  tanks,  etc.    Jour  Soc.  Arts,  Oct.  14,  21,  28,   Nov.  4, 

11,  i892, 

.    See  Petroleum. 

.    Pop  Valves,  Dangers  from.    See  Pop  Valves . 

.     Quadruple  Expansion  Engines  for  Driving  Spinning  Mills.    1600  horse 

power.     104,000  spindles.    Short  illustrated  description.     Lon.  Eng.,  Oci.  28, 

1892,  p.  543. 

.     See  Hoisting  E?igines. 

.    See  Pumping  Engines. 

Steam.    A  Dynamical  Theory  of  .   Many  illustrations.    W.  Hartmann. 


Zeitschrift  des  Verems  Deutscher  Ingenieure,  Vol.  XXXVI.,  No.  1,  pp.  1-7.  No. 

2,  pp .  29-33. 
.    Steam.      Comparative  Test  of  High  and  Low  Speed  Engines    for  Elec. 

trie  Railroad  Power  Plants.    By  Chas.  W-  Wason,  before  the  Cleveland  Elec 

trie  Club.    Elec.  World,  Apr.  3o,  1892. 
.    Steam-    Details  of  Rolling  Mill  Engines.    Description  and  illustration 


of  details.    Lon.  Eng.,  Dec.  4,  1891,  pp.  656-7. 

.  Steam.  High  a?id  Low  Speed  Engines  in  Railway  Work.  A  Compara- 
tive Test.  By  Chas.  H.  Wason.  A  paper  read  before  the  Cleveland,  O., 
Electric  Club.    Elec.  Eng.,  March  2,  i892.     Elec,  World,  Mar.  i9,  i892. 

.  Steam.  Marine  Balancing  of ,  and  the  Vibration  of  Vessels.  A  valua- 
ble paper  by  A.  F.  Yarrow  before  the  Inst.  Nav.  Arch,  of  Great  Britain.  A 
study  of  the  laws  of  vibration  and  the  means  of  avoiding  it.  Describes  an  in- 
strument for  determining  vibration  and  gives  results  of  experiments.  Reprint, 
Eng.  News,  Apr.  28,  1892,  pp.  436-8.  Lon.  Eng.,  Apr.  8,  i892.  Iron  Age,  May 
12,  i892. 
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Engines.  Steam.  Tests  of  Single,  Compound  and  Triple  Cylinders  of  the  Same 
Type.  A  summary  of  twenty-three  experiments  on  the  same  type  of  conden- 
sing engine.     Results  and  data  tabulated.     Lon.  En?..  Jan.  15,  1892  pp.  76-7. 

.    Steam.     Triple  Expansion  Experimental  Engine  in   the   Engineering 

Laboratories  of  the  Mass.  Inst,  of  Technology-      Description  with  drawings- 
By  C.  H.  Peabody.     Tech.  Quart.,  Vol.  IV.,  No.  3,  Oct.  iS9i,  pp.  238-44. 

■ .    Steam  Jacket-    See  Steam  Jacket- 
Strong' s  Vertical  Triple-  Expansion  Engine.    Designed  as  an  econo- 


mical and  an  efficient  high  speed  engine  of  large  power.    Eng.  News,  Sept. 
22,   1892, 

.     Winding  Engine  for  Coal  Shaft-    One  of  the  most  impoitant  collieries 

in  South  Wales.     Capacity  of  engine   i4oo  tons  per  day.      Short  description 
with  full  details.     Lon.  Eng.,  Oct.  14,  1892,  pp.  47S,  48i-4. 

Engine  Testing.  Notes  on  the  Steam  Boiler  and  Engine  Testing.  By  W.  C.  Pop- 
plewell,  A  series  of  papers  discussing  the  subject  under  three  heads;  com- 
mercial tests,  educational  tests  and  research  tests.  Prac.  Engr.,  May  6,  i892, 
et  seg. 

Engineer.  Financial  Status  of  the  Engineer.  Discussions  before  the  Civil  Engrs. 
Club  of  Cleveland.    Jour.  Assn.  Eng.  Soc,  Oct.  i892,  pp.  489-5oi. 

.     The  Consulting  Engineer-    An  article  by  Wm.  H.   Burr  in    The  Poly- 


technic discussing  the  qualifications  and  duties  of  a  consulting  engineer.    Eng. 
' .  June  4,  1892,  p.  6. 
The  Hydraulic  Engineer.     By  Wynkoop  Kiersted  in  The  Polytechnic. 


Outlines  methods  to  be  pursued  by  young  graduates.  Eng.  Record,  Dec.  26, 
1^  1,  p.  56. 

Engineering.     See  Mechanics. 

Engineering  Schools  of  the  United  States.  A  series  of  articles  giving  the  history  of 
engineering  education  in  this  country,  and  in  detail  the  present  practice  as  to 
requirements  for  admission  and  courses  of  instruction  in  the  engineering 
schools.    Eng.  News,  March  i9,  i892,  p.  277,  et  sen. 

Exhaust  Steam  front  Central  Electric  Light  Stations,  Utilization  of.  Some  data 
and  description  of  appliances  for  the  utilization  of  exhaust  steam.  Illus.  Elec. 
II  'orld,  Feb.  20,  1892. 

.     See  Heating. 

Explosion.    See  Boiler  Explosion.     The  Springer. 

Explosives.  Notes  on  the  Literature  of.  By  Chas.  E.  Munroe.  A  system  of  notes 
taken  from  papers,  publications,  and  trade  circulars.  Proc.  U.  S-  Naval  Inst., 
No.  i,  Vol.  XVIII. 

.  Some  Recent  Experiments  "with  Dynamite  on  an  Ocean  Bar.  Brief  pa- 
per by  O.  W.  Carter  describing  some  unsuccessful  attempts  to  remove  an 
ocean  bar.  Trans.  A.  S.  C.  £.,  Vol.  XXV.,  Oct.  i89r,  pp.  442-7.  Extended 
discussion  on  the  subject  of  bar  removal,  ibid,  pp.  446-58. 

Excavating.  Quicksand,  New  Process  of  Dealing  With.  Cementing  material  is 
forced  through  pipes  into  cavities  in  the  quicksand  which  upon  hardening 
forms  solid  walls  or  floors.    Illus.    Eng.  News,  Apr.  28,  1892,  pp.  420-1. 

Exposition,  Columbian.  Paper  by  Mr.  James  Dredge  read  before  the  Soc.  Arts  des- 
cribing'the  general  plan  of  the  exposition  and  the  various  buildings  and  de- 
partments in  detail.  Jour.  Soc.  Arts,  Dec.  n.  1891,  pp.  65-108.  Lon.  E?ig., 
Dec.  4.  i89i,  el  seg. 

.     Columbian.    Agricultural  Building  described  and  illustrated.      Lon. 

Eng.,  April  S,  i892,  et  seg  ■ 

.     Columbian.     Brief  description  of  each  building  with  illustrations.  Eng- 


News,  Feb.  13,  i892,  pp.  147-9. 
.     Columbian.    Bridges  over  the   Canal,      Steel  plate   girder  cantilever 


INDEX— ANNUAL   SUMMARY.  041 

bridges  of  54  ft.  span.    Illustrated  description.    Eng.  News,   April  21,  1892,  pp. 
4o8-9. 
.     Columbian.    Department  of Electricity ,  World's  Fair.      Description  of 


building,  showing  also  ground  floor  and  galleries.    Illus.     Elec.Eng.    Mar  30, 

i892. 

.     Columbian.    Elevated  Electric  Railway .     See  Electric  Railway. 

.     Columbian.    Fisheries  Building.     Illustrated.     Description  of  details 

of  construction.    Lon.  Eng-,  Sept.  2,  9,  i892. 

.     Columbia}?..    Foundations .      Strata  underlying  the   site,   Foundations 


and  Floors,  and  Electric  Power  Plant.  Abstract  of  Mr.  Gottlieb's  paper  on 
Foundations,  with  sections  of  borings  and  abstract  of  specifications  for  the 
electric  plant.    Eng.  News,  March  5,  i892,  pp.  2i4-6. 

.    See  World's  Fairs. 

.     Columbian.     Foundations  of  Machinery  Building.    Eng.  Netvs,  July  7, 


1892,  p.  9.     Erection  of  Manufactures  Building.    Inset  of  illustrations.      Eng. 
News,  July  2S,  i8-)2,  pp.  74-5. 

Columbian.     General  description  of  grounds  and  buildings  with  large 


scale  map;  also  notes  as  to  water  supply,  sewerage,  lighting,  transportation, 
etc.  Eng.  News,  Jan.  16,  i8q2,  pp-  50-3.  Statistics  regarding  various  former 
exhibitions  and  comparison  with  the  Chicago  exhibition.  General  plans  giv- 
en of  five  different  ones.     Eng.  News,  Jan.  3),  1892,  pp.  110-12. 

.     Columbian.     Gover?rment  Building.  Iron  Work  for  the  Dome.     A  fully 


lllnstrated  description  of  the  arch  libs  of  the  dome,  loads  and  method  of  analy- 
sis.   By  J.   C.   McGuire.     Trans.  A.   S.   C.    E.,   Vol.   XXVI.,  Jan.  i!92,   pp. 
1-12. 
.     Coluiiibian.    Horticultural  Building,  Dome  of .   Electric  Lighting,  Wa- 


ter Pipe  Specifications  and  Proposals  for  Transportation.  Eng.  News,  Mar. 
12,  1892,  pp.  240-2.  Specifications  for  material  and  workmanship,  ibid,  Mar. 
26,  pp.  291-3. 

Columbian.    Liberal  Arts  Building.     Fully  illustrated  description  with 


drawings.     Lon.  Eng.,  Feb.  12,  iS92,  et  sea .     Gallery  of  Fine  Arts,   ibid.,   Mar. 
ir,  et  seq. 

— .     Columbian,    Liberal  Arts  Building.     Erection  of.      General   descrip- 


tion with  numerous  full-page  illustrations.    Eng.  Record,    August  6,  i892,   p. 
1 58,  et  seq. 

.     Columbian.    Liberal  Arts  Building.     Description,  strain  diagram  and 

illustrations.    Eng.  Record,  July  9,  1892,  pp.  97-8. 

.    See  Electric  Railroads . 

.     Columbian.    Roof  Truss  for  Liberal  Arts  Building.    See  Roof  Trtiss. 

.     Columbian.     Liberal  Arts    Department.      Classification  of  proposed 


exhibits,  including  those  of  Civil  Eng.  and  Architecture.     Eng.  News,  Sept. 
8,  i8g2. 
.     Columbian.    Machinery  Department-    Description  of  Machinery  Build- 


ing with  inset  giving  general  plan,   and  details  of  arch  roof  trusses.      Eng. 

News,  June  3o,  i892,  pp.  649-50.     Transportation  and  Electric  Lighting,  ibid., 

June  9,  i892. 
— .     Columbian.  Machinery  Hall.   Illus.  of  Roof  Arches. Lon.  Eng.,  Jan.  15" 

i892,   p.  7o.    General  views,  ibid.,  Jan.  8,  1892.      Plan  and  details  of  footings, 

ibid.,  Jan.  1,  i892. 
.     Columbian.    Machinery  Hall.      Conslrt/ction  of.      See  B7iildi?;g  Con- 


struction . 


.  Columbian.  Manufactures' Building,  Boiler  Plant  and  Mining  Exhib- 
its. View  showing  erection  of  arches  of  Manufactures'  Building.  Eng.  News, 
May  12,  i892,  p.  372.    Terraces,  etc.,  Models  of  Patents,  Intramural  Transpor- 
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tation,  Electric  Lighting,  ibid.,  May  26,  1892.  Description  with  map  of  the  in- 
tramural railroad  and  terminals.    R.  R.  Gaz.,  May  27,  1892,  p.  382. 

.     Columbian.    Manufactures  and  Liberal  Arts  Building'.       Description 

with  detailed  drawings  of  truss  and  comparison  with  Machinery  Hall,  Paris, 
1889.    Eng.  News,  Sept.  i,  i892,  pp.   i94-5. 

.     Columbian.    Manufactures  and  Liberal  Arts  Building.      Trussed  pur- 


lins for  the  roof  trusses  of  this  building.    Eng.  News,  Sept.  8,  1892. 

.  Columbian.  Mines  and  Mining  Building.  Description  and  illustra- 
tion of  details  of  the  cantilever  roof  trusses.  Inset  of  drawings.  Mines  and 
Mining  Exhibits  described.    Eng.  News,  May  5,  i892,  pp.  448-5o. 

.  Columbian.  Ornamentation  of  Horticultural,  Transportation  and  For- 
estry Buildings.  Sculptured  groups  for  the  buildings.  Am.  Arch.,  July  30, 
1892,  p.  70. 

.    Columbian.    Progress  of  work  and  general  description  of  buildings. 

Lon.  Eng.,  Oct.  23,  i59i.  Details  of  Mines  building  roof,  Oct.  30,  i89i.  Classi- 
fication of  this  department,  and  illustrations  of  tunnels  for  electric  light  mains, 
Nov.  6,  i89i.  Details  of  dome  of  Administration  building,  Nov.  i3,  1891.  Illus- 
trated description  of  Naval  Exhibit,  Nov,  27,  i89i.  Morison  Tower,  Dec. 
iS,  1891. 

.     Columbian.     Transportation.    General  discussion   of  the  question  of 

transportation  of  passengers.  Description  and  capacity  of  the  various  methods 
to  be  used.    Eng.  News,  Oct.  13,  iS92,  pp.  33S-9. 

.  Columbian.  Transportation  Exhibits  at.  Plan  of  grounds  and  build- 
ings,   R.  R.  Gaz.,  Aug.  26,  1892,  p.  628.    Ry.  Rev.,  Aug.  27,  i892,  pp.  540-1. 

.     Columbian.     Water  Pipe  Specifications-     See  Exposition,    Columbian, 

Horticultural  Building. 

.     Coulmbian.     Ventilation.     See  World's  Fairs . 

— .    Columbian.    Roof  Trusses.     Sec  Roof  Trusses. 


Extensometer.  A  New.  Illustrated  description  of  an  extensometer  in  which  the 
strain  is  indicated  by  the  movement  of  dial  hands  by  means  of  friction  gear. 
Sample  of  record  test  given.  By  Prof.  J.  B.  Johnson.  Eng.  News,  Aug.  4, 
1^92,  pp.  114-5. 

Eye-Bars.    Steel.     Test  of.    See  Steel  Eye-Bars. 

■ .     Test  of  Full  Size  Bars.    Results  of  tests  of  four  large  eye-bars   by   the 

Phoenix  Iron  Co.    Eng.   News,  July  i4,  1^92,  p.  40. 

Feed  Water.     Purification  of .     See  Boiler  Scale. 

Felton.  Samuel  Morse.  A  memoir  by  Thomas  Doane  and  Charles  Harris  before 
the  Boston  Soc  C.  E.      Jour.  Assn.  Eng.  Soc,  April,  1892,  pp.  199-21;. 

Ferryboatsfor  the  Hoboken  Ferry.  New.  Byjas.  J.Gannon.  Description  of  three 
boats.    Illus.    R  .R.  &>  Eng.  Jour.,  Feb.  1892. 

Filter  Beds  for  Holland.  Sections  of  filter  beds  in  i4  Dutch  cities  and  diagrams 
showing  comparative  depths  of  water  and  filtering  materials  in  principal  filter 
beds  of  Germany,  the  Netherlands  and  Great  Britain  and  Ireland.  From  an 
article  in  the  German  by  H.  P.  N.  Halbertsma.  Eng.  ATews.,  July  28,  i892,  p. 
74. 

Filter.    Filler  Bed  of  the  Water-Works  at  Raton,  N.  Mex.      Illustrated  description 

of  a  sand  and  broken  stone  filter  placed  in  the  botton  of  a  reservoir.      Eng. 

News,  April  16,  i89>,  p.  375. 
.     Works  of  the  London  &>  North   Western  Ry-  at  Crew.  Short  description 

with  plans.    Eng.  Arews,  Sept.  15,  1892. 
Filtering  Plant.    "System,  Fisher  and  Peters"  at  Worms,  Germany.      Hollow  slabs 

of  sand  used,  as  a  filtering  material.    Eng.  News,  Sept.  8,  1892. 
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Filtration.    See  Water  Supply . 

Filtration.  Sand.  Expts.  on  the  Filter  of  the  City  of  Zurich.  Many  chemical  anal- 
yses and  Bacteriological  observations,  by  Dr.  A.  Bertschinger.  Jour.  Fur 
Gas-belechtung an  Wasserversorgicng.  Vol.24,  No.  35,  pp.  684-7.  Vol.34, 
No.  36,  pp.  7°4-9. 

Fire  Hazards.    See  Electricity . 

Fire  Protection.  Automatic  Sprinklers.  A  paper  by  C.  J.H.Woodbury  describ- 
ing the  Grinnel!  sprinkler,  and  discussing  the  value  of  such  a  device.  Ulus. 
Cassiers  Mag:,  Feb.,  March,  1892.    Fire  &*  Water,  June  18,  i892,  pp.  285-7. 

.    See  Water  Supply ,  Hydrants. 

.     See  Water-  Works. 

Fire  Proof  Arches.  Test  of  ,  at  St.  Louis.  Results  of  tests  on  concrete  arches. 
Static  load,  drop,  and  fire  and  water  tests  were  made.  By  Johnson  and  Flad. 
Eng.  Fee,  May  7,  iS92,  pp.  376-7. 

Fire  Proof  Construction.  Description  and  drawings  of  various  details.  Iron  Age, 
June  3o,  1892,  et  sea. 

Fire  Risks  on  High  Office  Buildings.  A  paper  by  Edward  Atkinson  discussing  the 
subject.    Eng.  Mag.,  May,  1892,  pp.  149-55. 

Fire  Service,    See  Water-  Works. 

Fire  Box  Steel,     See  Steel. 

Fires  in  Theatres.  Prevention  and  Extinction  of.  A  paper  by  E.  A.  E.  Woodrow, 
describing  proper  methods  of  construction  and  enumerating  various  causes  of 
fires.    Jour.  Soc.  Arts,  July  8,  1892,  pp.  785-93. 

Flood  Discharges  fro?}i  Small  Watersheds.  A  paper  by  Prof.  Dwight  Poiter  dis- 
cussing the  various  factors  involved  and  giving  records  of  several  heavy  rain, 
falls  and  corresponding  river  discharges.      Tech.  Quart.,  Dec,  i89i,  pp.  316-27. 

Floor.     See  Fire-Proof  Arches. 

Floor  Beams.  Diagram  for  Determining  Size  and  Weight  of ,  For  the  use  of  arch- 
itects in  designing  fire-proof  floors.    Eng.  News,  April  28,  i89g,  p.  439. 

Flow  of  Streams.    See  Rainfall. 

Flow  of  Water.    See  Hydraulics. 

Flying  Machines.    See  Aerial  Navigatio?i. 

Flywheel  Accidents  in  Electric  Light  Stations.  An  address  on  ''Centrifugal  Force 
and  Resulting  Phenomena,"  delivered  by  Mr.  Chas.  E.  Emery  before  the  stu- 
dents of  Sibley  College,  Cornell  Univ.    Elec.  Eng.,  Feb.  10,  iS92,  et  seg. 

Forging.     See  Electrical  Forging. 

Foundations.  Advantages  of  Piling  over  Mudsills  in  Respect  to  Cost,  Stability  .and 
Maintenance.  A  paper  by  E.  I.  Cantine,  C.  E.  read  before  the  111.  Soc.  Engrs. 
and  Surveyors.    Reprint,  Ry.  Age,  March  18,  1892,  pp.  225-6. 

.  City  Hall,  Kansas  City,  Mo.  Method  of  separate  piers  sunk  to  bed- 
rock was  used.    Illustrated  description.    Eng.  Rec,  Apr.  2  i8°2,  pp.  292-3. 

.  Coffer  Dam  Without  Interior  Bracing.    See  Coffer  Dam. 

• for  the  World ' s  Fair  Buildings,  World' s  Columbian  Exposition.  General 

details  of  the  two  methods  used,  pile  foundations  and  spread  foundations,  R. 
R.  Gaz.,  Oct.  14,  1892,  p.  762. 

.    For  Tall  Buildings  in  Chicago-      Abstract  of  a  paper  by  Wm.   Sooy 

Smith  advising  method  of  pile  foundations  to  rock  strata  and  fire  proofing  of 
masonry  columns.  Discussed  by  W.  L.  B.  Jenney  and  Ossian  Guthrie,  favor- 
ing present  method  of  steel  and  concrete  for  foundations.  Eng.  News,  Oct. 
13,  i892,  pp.  343-5- 

,  in  Quicksand .    Description  of  a  new  process  patented  by  R.  L.  Harris. 

Consists  in  inserting  pipes  to  the  desired  level,  loosening  the  material  by  water 
currents,  and  then  forcing  in  cementing  material.  Sci.  Am.  Sup.,  Oct.  1,  iS92, 
pp.  i3962. 
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Foundations.  Notes  on  Foundation  Experiences .  Abstract  of  paper  by  A-  P.  Boiler 
before  Am.  Soc.  C.  E.,  describing  methods  of  putting  in  four  difficult  founda- 
tions. One  of  a  gas  tank  in  marshy  ground,  and  the  others  of  piers  of  the 
Arthur  Kill  bridge.    Eng.  News,  July  28,  i892,  pp.  76-7. 

.    Pile.    Protection  of  from  strong  current  and  floating  logs.  Description 


of  method  ussd  in  the  construction  of  the  Fraser  River  Bridge,  Canada.  R.  R. 

Gaz.,  Nov.  25,  i892,  p.  875. 

.    Plant  for  Mixing' and  Delivering'.    See  Contractors  Plant. 

.    For  Gas  Holder  Tank  in  Marshy  Soil.    See  Gas  Holder  Tank. 

.    Subagueous.     A  new  method  of  putting  in  and  leveling  concrete  foun- 


dations under  water.    Planks  to  enclose  foundation    area  and  fit  irregularities 
of  bottom.     Lon.  Eng.,  Sept.  16,  i892,  p.  35g.    Eng.  Rec,  Nov.  5,  iS92,  p.  357. 

.    Sub- Aqueous.     The  Pneumatic  Foundation  of  the  Bridge  over  the  Aare 


at  Coblenz.     Illustrations  of  Air-locks,  Caisson,   Dredges,  etc.      Schweizerische 
Bauzeitung,  Jan.  23,  1S92,  pp.  22-23.  Jan.  30,  i892,  pp.  28-30. 

.    See  Bridge,  Building  Construction,  Railroad  Station. 

.    See  Exposition,  Borings. 


Foundry  Plant  of  the  Worthington  Pump  Co.,  Elizabethport,  N.  J.  Complete  de- 
scription.    Illus.     Eng.  Rec,  Apr.  2,  i892,  pp.  294-99. 

Francis,  James  B.  Account  of  the  death  of,  and  short  description  of  life.  Eng. 
News,  Sept.  22,  1892. 

Frauds  in  the  Electrical  Business.  An  interesting  account  of  numerous  "electri- 
cal" frauds  by  A.  A.  Kundson.    Elec .  Eng.,  Jan.  6,  i892,  pp.  16-19. 

Freight  House,  of  Chicago  Elevated  Terminal  Railway  Company.  Illustrated  de- 
scription of  the  proposed  8-story  freight  houses.  Ry.  Rev.,  July  23, 1892,  pp. 
46S-70. 

Frictionless  Bearing.     See  Bearing. 

Fuel, Liquid.  The  use  of,  in  locomotive  boilers.  Illus.  description  of  method  of 
using  oil  and  tar  in  combination  with  coal  on  the  Great  Eastern  Ry.,  England. 
Estimate  of  cost.    Ry.  Rev.,  Sept.  10,  1891,  p.  575. 

.    See  Locomotive  Fuel.    Petroleum. 

Fuel  Gas.  A  paper  by  Arthur  Kitson  on  Production  and  Distribution  of  Fuel  Gas, 
read  before  Franklin  Institute  Feb.  1S91.  Jour.  Frank.  Inst.,  Dec.  ii9i,  pp. 
424-448. 

,  Production.  A  paper  by  Arthur  Kitson  before  the  Frank.  Inst.,  review- 
ing the  whole  subject,  your.  Frank,  fust.,  Dec.  i'9i,  p.  424.  Extracts  and 
comments.    Eng.  News,  May  2  i,  i892,  pp.  540-1. 

.     Values  of  Various  Gases  for  Fuel  Purposes.     Discussion  and  Tabular 

comparison  of  hydrogen,  natural  gas,  coal  gas  and  Siemens'   gas.  giving  heat- 
ing power  and  percentages  of  air  required.     Eng.  News,  Oct.  20,  i892,  pp. 

J64-5- 
Furnaces.     On  the  Temperatures  Attained  in  Industrial  Furnaces .     By  H.  LeChate- 

lier.    Details  with  effects  on   iron,  carbides,  melting  points,  etc.     Bulletin  de 

la  Soc.  d'  Encouragement  pour  V  Industrie  Nationale,   Vol.  VII,   No.  77,  p. 

276. 
.    See  Boiler  Furnaces .    Blast  Furnaces. 

Garbage  Disposal.  Paper  by  W.  C.  Foster  proposing  a  system  of  disposal  by  me- 
chanical sorting  and  cremation.      Lon.  Eng.,  Dec.  18,  1891,  pp.  720-1. 

Gas  Holders.  Difficulties  in  Tank  Construction  and  Small  Foundations-  Abstract 
of  a  paper  by  T.  Newbigging  before  the  Inst.  Gas  Engrs.,  discussing  difficul- 
ties due  to  the  presence  of  water.    Eng.  Rec  July  3j,  i892  p.  143. 
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Gas  Holder  Tank,  Foundations  for.  In  marshy  soil.  Tank  150  ft.  in  diameter. 
Brick  wall  3:>  ft.  below  surface  of  marsh.  Illustrated  description  and  method 
of  construction.     Trans.  A.  S.  C.  E-,  Vol.  XXVII.,  pp,  471-475- 

Gas.    Liquefaction  of.      Description  of  the   most  recent  successful   methods  used. 

Examination  of  the  physical  properties  of  liquefied  substances.  Sci.  Am.  Sup., 

Oct.  29,  1892,  p.  14037. 
.    Modern  Coal  Gas  Manufacture .     Paper  by  C.  C.  Carpenter  describing 

the  processes  of  manufacture.     Trans.  Soc.  Engrs.,  i89i,  pp.  61-88. 
.     Used  for  Fuel.    See  Fuel-Gas. 


Gearing.  Experiments  on  the  Efficiency  of  Worm  Gearing.  By  B.  P.Flint,  Pen- 
cord,  Pa.  Description  of  apparatus,  and  diagrams  of  efficiencies  of  worm  gears 
used  in  milling  machines.    Eng.  News,  April  9,  1892,  p.  348. 

Geology.  Studies  in  Structural  Geology  of  the  Appalachian  Province.  Abstract  of 
pappr  by  Bailey  Willis  before  Am.  Inst.  M.  E.,  describing  an  extensive  series 
of  experiments  with  wax  models  to  show  the  foundation  of  folds  and  faults  by 
pressure.    E.  &=  M.  Jour-,  Oct.  22,  i892,  p.  340. 

Girders.  Loading  Long  Girders  on  Cars.  Detailed  description  with  calculations 
with  regard  to  curves.  Bolster  frames  illustrated.  Eng.  News,  Jan.  9,  1892, 
pp.  32-3. 

Girder.      See  Bridges. 

Gold.     The  Milling  of  Gold  Ores.    See  Ores. 

Grades.     On  Street  Intersections.    See  Street  Grades. 

Grade  Crossing.    See  Railroad  Crossing. 

Greenfield,  Mass.     See  Sewage  Purification. 

Gulf  Stream.     See  Ocean  Currents. 

Guns.     Construction  of  Modern  Rifled  Mortars.     See  Mortars. 

.  Segmental  Wire-Wound.  5  inch  breech  loading,  i9  ft.  long.  In  pro- 
cess of  construction  at  the  works  of  the  Pennsylvania  Diamond  Drill  Co.  Il- 
lustrated description  of  methods  used.  Eng.  News,  Nov.  24,  1S92,  pp.  484-485. 

.     The  Driggs-Schroeder  System  of  Rapid  Fire   Guns.    By  Lieut.   W.  S. 


Driggs.    An  article  giving  a  compilation  of  data  and  records  of  interest.  Illus. 
Proc.  U.  S.  Naval  Inst.,  No.  1,  Vol.  XVIII. 

.     The  Recent  Development  and  Progress  of  Gun  Manufacturing  in    the 


United  States.     By  W.  H.  Jaques  of  the  Bethlehem  Iron  Co.     A  lecture  before 
the  Naval  Reserve  Assoc.    Iron  Age,  June  16,  23,  1892. 

.     Testing  of  at  Sandy  Hook.     Paper  by  F.  A.  C;  Perrine   describing  the 


methods  of  testing,  various  apparatus,  etc.  Illus.  Eng.  Mag.,  June,  1892,  pp. 
357-371. 

Harbor  Improvement,  Brazos  River.  Discussion  of  Mr.  Wisner's  paper  by  W.  P. 
Craighill  and  E.  L.  Corthell  describing  the  use  of  mattresses  at  Cape  Fear, 
and  the  present  state  of  the  Brazos  river.  Trans.  Am.  Soc.  C.  E.,  Vol.  XXVI., 
May,  i892,  pp.  5i8  20. 

.    Entrance  to  Otago  Harbor,  New  Zealand.     Sand-bar  removed  from 

channel  by  scour  of  tidal  currents,  constrained  by  training  wall.  Full  descrip- 
tion with  plans  and  sections.    Proc.  Inst.  C.  £.,  Vol.  CX.,  pp.  3o4-32i. 

.    Improvement  of  the  Channels  at  the  Entrance  to  the  Harbor  of  New  York. 

Paper  by  Joseph  Edwards  givin'g  the  history  of  this  work,  desciiption  of  meth- 
ods and  cost.  Hydraulic  dredges  wtre  employed,  these  are  fully  described 
and  illus.  7  folding  plates.  Trans.  Am.  Soc  C.E.,  Vol.  XXV.,  Dec,  iS9i, 
Paper  No.  513,  pp.  57>6i4. 

Straits  of  Juan  de  Ftica,  Pugel  Sound,  and  Government  Improvements 


on  the  Pacific  Coast.    Paper  by  B.  W.  DeCourcy  describing  these  straits  and 
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various  labors  and  property  inprovements.    Maps  given.     Trans.  A.  S.  C.  £., 
Vol.  XXV.,  Oct.  i892,  pp.  420-41. 

The  Brazos  River  Harbor  Improvement.     A  paper  by  G.   Y.  Wisner 


giving  a  history  and  description  of  this  large  work,  accompanied  by  maps  and 
photographs.  Methods  of  construction  described.  Trans.  Am.  Soc.  C.  £., 
Vol.  XXV.,  Nov.  i8qi,  pp.  5i9  37.  In  the  discussion  Mr.  H.  C.  Ripley  gives 
some  results  of  an  investigation  of  Tidal  Phenomena  of  Galveston  Harbor. 
See  id.,  pp.  537  6?. 

Harbor  Works,  Concrete  in.  Description  of  the  use  of  plastic  concrete  in  the  har- 
bor works  of  Newhaven,  Eng.  From  Lon.  Eng.  Eng.  News,  June  2,  i89^,  pp. 
551-2. 

Heat.  The  Measurement  of  High  Temperatures.  Paper  by  Prof.  William  Chandler 
before  Inst.  C.  E.  giving  illustrated  description  of  the  most  modern  instru- 
ments, and  practical  methods  to  be  employed  in  the  measurement  of  high 
temperatures.  Effect  of  rapid  cooling  on  pressure  and  chemical  changes,  ap- 
plied to  metallurgy.    Proc.  Inst.  C.  £.,  Vol.  CX.,  pp.  i53-i8S. 

.    See  also  Metals,  at  High  Temperatures. 

Heating  A  City  with  Exhaust  Steam.  A  description  of  the  electric  railway  of 
Ottumwa  Iowa,  and  the  exhaust  steam  heating  service.  St.  Ry.  Rev.,  Feb.  i892, 
pp.  69-71. 

.     See  Car  Heating- 

.     Ths  Action  of  Heat  from  open  Fire  Grates,  Stoves  and  Hot  Water  Pipes . 

A  discussion  of  the  action  from  different  forms  of  heating  surfaces.  By  F. 
Dyke  in  The  Building  News .  Reprint,  Set.  Am.  Sup.,  March  12,  1S92,  pp. 
i3:o6-8. 

Heating  and  Ventilation  of  the  Suffolk  County  Court-House,  Boston,  Mass.  Fully 
illustrated  description  of  the  system.    Eng.  Rec,  Aug.  27:  iS92,  p,  204,  et  sea. 

High  Temperatures.     Measurement  of .     See   Heat. 

Highway  Construction.  Paving  Stones  for  Construction.  Comparative  values  of 
different  kinds  of  rocks  for  paving  purposes.  Applied  especially  to  Eastern 
Massachusetts,    four.  Assn.  Eng.  Soc,  Aug.,  1^92,  pp.  4i6-427. 

Hoist.  locomotive  Hoist,  Chicago  &•  ATorthwestern  Ry.  Illustrated  description  of  a 
hoist  worked  by  screws.  The  nuts  are  turned  by  worm  gear.  R.  R.  Gaz.,  Feb. 
5,  ivq2,  p.  97. 

Hoisting  Apparatus.     See  Dockyard. 

Hoisting  Engines,  Mining.  Innovations  in  Hoisting  Engines  for  Mines.  A  paper 
read  before  Saxonian  Engineers  and  Architects  Society,  May,  i89i,  by  Her- 
man Undeutsch.    Der  Civilinginieur  Heft-  8,  i89i,  pp.  574-6o6. 

Hoisting  Machinery,    See  Electric  Hoisting  Machinery , 

Hoisting  Plant.     See  Railroad. 

Holland.  Notes  made  in  Holland  in  1887  by  Augustus  W.  Locke.  Jour.  N.  E.  IV- 
II '.  Assn.,  Sept.,  1890,  pp-44. 

Horse  Power  of  Boilers.  Some  interesting  examples  given  in  the  discussion  of  a 
paper  on  the  above  subject.     The  Locomotive,  Jan.  i8:2. 

House  Drainage.  Experiments  and  Researches  on  Trap  Siphonage,  Showing  the 
Comparative  Merits  of  the  Principal  Appliances  Used  for  Trap-Seal  Protection. 
By  Prof.  J.  E.  Denton,  before  the  Am.  Pub.  Health  Assn.  Contains  the  results 
of  many  experiments,  with  discussion  and  "conclusion."  Reprinted  from 
Trans.  Am.  Pub.  Health  Assn.,  Pamph.  pp.  56,  Concord,  N.  H. 

.    Single  Trap  System  of  House  Drainage.      Paper  by  Latham  Anderson 

describing  the  principal  features  of  the  common  system  and  its  defects,  and 
advocating  a  system  having  but  one  trap.  Illus.  Trans.  A.  S.  C.  £.,  Vol. 
XXV.,  Oct.  1891,  pp.  594-413. 

Hydrants  and 'Water  Pipes.  Arrangements  of.  See  Water  -  Works  and  Water 
Supply. 
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Hydraulic  Apparatus  at  the  Neiv  Railway  'Station  of  Paris,  St-  Lazare.  By  A.  Bou- 
isson  and  E.  Dereius.  I,  Machines,  generators  and  accumulators.  II.  Conduits 
and  accessories,  turnstiles.  Revue  des  Chemins  des  Fer.,  July,  Oct.,  i89o,  Feb., 
May,  June,  i89i. 

Hydraulic  Engineering.     See  Engineering". 

Hydraulic  Lifts.     See  Canal  Lifts,  Elevators. 

Hydraulic  Presses.    High  Pressure  Hydraulic  Presses  in  Iro7t-  Works.    A  paper  by 

R.  M.  Daelen.  Germany,  describing  many  forms  of  high  pressure   machines, 

fully  illustrated.     Trans.  A .  I.  M.  £.,  i892,  pp.  25. 
Hydraulic  Supply  Station.    Birmingham,  Eng.    Fully  illustrated  description  of  the 

station,  pumps,  etc.,  for  supplying  water  at  7co  lbs.  pressure.    Lon.  Eng.,  Feb. 

12,  i892,  el  sea. 
Hydraulics.      Diagram  for   Calculating   Velocities,    Grades  aud  Mean  Radii  for 

Flumes  and  Ditches .     By  A.  L.  Adams.    Eng.  News,  Feb  13,  1892,  p.  1 57. 

— Diagramfor  Flow  in  Pipe  Sewers  According  to  Kutter  s  Formula.  Dia- 
grams of  velocities  and  discharges.  By  Prof.  A.  N.  Talbot.  Technograph, 
(Univ.  of  111.  Annual),  i89i-2,  pp.  70-74.     Eng.  News.  Aug.  11,  i892,   pp.  126-127. 

.    Flow  of   Water  in  Pipes.     Gives  experiments  of  flow  of  water  in  hose, 

supply  pipes  and  hydrants.    From  a  circular  by  Edward  Atkinson.    Abstract, 
Eng.  News,  April  2,  18  q2,  pp.  32o-3o. 

Frictional  Head i7i  a  Force-Main.  Results  of  some  experiments   made 


by  F.  F.  Forbes.    Jour.  New  Eng.  W.-W.  Assn.,  June,  1852,  pp.  164-67. 


.    Hook-gage.    A  new  form  devised  by  Prof-  J.  P.  Church.     Eng.  News, 

Sept.  29,  i892,  p.  296. 
.    Rece?it  Experiments  on  the  Flow  of  Water  over  Weirs.    By  M.  Bazin  in 


Annates  des  Ponts  et  Chaussees,  Oct.,  1888.  A  study  of  the  nappe  or  overflowing 
sheet  of  water,  with  numerous  experiments  with  inclined  weirs.  Reprinted. 
Proc.  Eng.  Club  Phi  la.,  July,  1892,  pp.  231-44. 

- — ■ .     The  Flow  of  Water  over  Weirs.  By  H.  Bazin.  Results  and  discussion 

of  seventeen  extensive  series  of  experiments.  In  these  experiments  the  air  was 
not  freely  admitted  beneath  the  sheet  of  water.  The  forms  of  the  crest  for 
various  heads  are  given,  also  curves  for  coefficient  deduced.  Annalts  des  P.  et 
C.Nov.  1891,  pp.  445-520. 

.     The  Loss  of  Head  by  the  Passage  of  Water  through  a  24-inch  Stop-  Valve. 


By  E.  Kuichling,  describing  experiments  made,  apparatus,  etc.      Trans. A.  S. 
C.  E.,  Vol.  XXVL,  May,    i892,  pp.  439-5i.     Discussion,  pp.  451-68.     Abstract, 
Eng.  News,  Aug.  4,  1892,  p.  117. 
.    See  Conduits 


Hydrography  of  the  Potomac  Basin.  A  study  of  the  relation  between  area  of  water- 
shed and  rainfall  and  discharge  measurements  of  rains.  By  C.  C.  Bobb. 
Trans.  Am.  Soc.  C.  E.,  July,  i892,  Vol.  XXVII.,  pp,  20-38. 

Ice.  Contraction  of ,  on  Canadian  Waters.  Abstract  of  a  paper  by  J.  H.  Dumble, 
before  the  Can.  Soc.  C.  E.,  describing  the  action  of  ice  due  to  contraction  and 
expansion.    Eng.  Rec,  Aug.  6,  1&52,  p.  151. 

Ice.  Manufacture  of .  By  Leicester  Allen.  A  popular  article  explaining  the  prin- 
ciples of  various  ice  machines  and  discussing  the  uses.  Eng.  A/aj.,  March, 
1892,  pp.  762-70. 

Illumination.  The  Distribution  and  Measurement  of .  A  valuable  paper  by  Alex- 
ander Trotter  before  Inst.  C.  E.,  giving  numerous  results  of  Photometric  ob- 
servations, and  practical  data  from  which  to  determine  proper  methods  of  illu- 
mination under  different  circumstances.  Proc.  fnst.  C.  £.,  Vol.  CX.,  pp.  69- 
150.    Eng.  News.,  Nov.  24,  1892,  pp.  495-496. 

Indexing  Drawings.  By  J.  V.  Schaefer.  Description  of  system  used  by  Link  Belt 
Machinery  Co.    Am.  Mach.,  Jan.  28,  i892. 
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Indicators.  Dynamical  Theory  of.  Mathematical  discussion  by  Prof.  A.  Fliegner. 
Schweitzerische  Bauzeitung,  Aug.  8,  iS9i,  p.  33. 

Induction  at  High  Potentials  and Frequencies,  Dynamic.  By  Elihu  Thomson.  De- 
scription of  apparatus  and  experiment.  Illus.  Elec.  World,  April  2,  1892. 
Elec.  Eng .,  March  30,  i892. 

by  High  Potential  Discharges.  A  series  of  experiments  on  electrical  dis- 
charges. Illus.  By  Prof.  Elihu  Thomson.  Elec.  Eng.,  Feb.  i7,  j892,  et  seq . 
Elec.  World,  Feb.  20,  i892. 

Inland  Navigation.    Jetties  by  E.  L.  Corthell.    See  River  Improvement. 

.    Report  Upon  the  Fifth  International  Congress  of  Interior  Navigation. 

Report  to  the  Civil  Engineers  Club  of  Cleveland,  by  Dr.  Cady  Staley,  giving 
his  impression  on  the  main  question  from  personal  attendance  at  the  Congress. 
Jour.  Assn.  Eng.  Soc,  Nov.  i892. 

The  Water  Route  from  Chicago  to  the  Ocean.    An  interesting  article  by 


C-  C.  Rogers,  U.  S.  N.  describing  the  important  features  of  the  lakes  and 
canals  forming  the  route  from  Chicago  to  Montreal.  Scribner's  Ma?.,  March, 
i892,  pp.  270-295.      , 

Instruments.  A ngle-Mca 'suring.  Elementary  Discussion  of  Periodic  Graduation 
Errors  in  Theodolite  Circles  Carrying  Three  Reading  Microscopes .  By  G.  H. 
Knibbs.     The  Surveyor,  Sydney,  N.  S.  W.,  March  5,  1892,  pp.  i75-8o. 

.    See  Extensomelcr. 

.  For  Standard  Measurements  0/  Machine  Construction.  See  Measure- 
ments. 

Insulation.  A  paper  by  Thomas  A.  Edison  read  before  the  Ry.  Telegraph  Supt's. 
meeting  at  Denver,  discussing  the  question  of  insulation  as  regards  telegraph 
wires.    Elec.  World,  July  2,  i892,  p.  11. 

Insulator,  Oil  as  an.  By  Prof.  D.  E.  Hughes.  Abstract  of  a  paper  read  before  the 
Inst,  of  Elec.  Eng.,  London.    Elec.  World,  April  2,  i892. 

.    See  Electric  Conductors. 

Intake.  Sec  Water-  Works,  Menominee  Mich.,  and  Annual  Report  of  Toronto  Water 

Works  Supt. 
Interlocking  Machine.    Johnson.    Illustrated  description  of  this  machine,  40  levers, 

uses  the  Stevens  locking  system  actuated  by  the  latch  rod.     R.R.  Gaz.,  Oct. 

21,  i892,  p.  781. 
.     The  Weurpcl  Interlocking  Machine.    Description  with  detail  drawings. 

R.  R.  Gaz.,  Sept.  16,  i892,  p.  683. 
.     Uniform  Rule1; for  Working  of  Block  System.    See  Block  System. 


Interstate  Commerce  Commission  and  its  Work.  By  Hon.  Aug.  Schoonmaker. 
A  valuable  paper  giving  a  summary  of  the  work  of  the  commission.  Cites 
many  of  the  cases,  with  decisions  thereon.    R.  R-  Gaz.,  Dec.  18,  1891,  et  seq. 

Involute  Teetn.     See  Bevel  Gear  Teeth. 

Iron.     Corrosion  of  in  Roof  of  Tunnel  from  Locomotive.    See   Tunnel. 

.  Notes  on  the  Manufacture  of.  Paper  by  Henry  Webb  before  the  Man- 
chester Assoc.  Engrs.  Gives  a  historical  review  of  the  subject.  Prac.  Eng., 
March  )8,  1892,  et  seq. 

Open  Hearth  and  Bessemer  Practice.      Important  proposed  changes  in 


open  hearth  furnace  and  converter  by  J,  P.  Witherow.     Tuyeres  arranged  at 
surface  of  metal.    Eng.  News,  Sept.  i5,  i892. 
,  Protection  of.    See  Tunnel  Roof. 


Iron  and  Steel.  A  Non-Oxidizing  Process  of  Annealing.  In  this  process  the  metal 
is  heated  in  a  retort  containing  illuminating  gas.  Described  by  H.  P.  Jones, 
M.  E.    Eng.  ATews,  Jan.  2,  i892.  pp.  5-6. 

.  Article  by  H.  De  B.  Parsons  giving  methods  of  proof  adopted  to  es- 
tablish proper  custom  house  classification.    Illus.    R.  R.  Gaz.,  Jan.  1892. 
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Iron  and  Steel.      Bessemer  Plant  of  the  Shenango    Valley  Steel  Co.  at  New   Castle, 
Pa.    General  description  and  plan  of  works.    Iron  Age,  Oct.  13,  i892. 

.     Chemistry  of.      Paper  by  C.   B.Dudley  before  Engineeis  Society  of 


Western  Penn.,  giving  reasons  for  using  standard  methods  for  determination 
of  impurities.  Discussion  by  members.  Engineers  Society  0/  Western  Penn,, 
Pittsburg,  Sept.  27,  1892. 

Testing.     Repeated  stress   experiments.      A  few  experiments  at  the 


Inst,  of  Tech.,  Boston,  on  repeated  stresses  in  cross  bending.  Description  of 
apparatus  and  method  used.  Relation  of  small  elastic  changes  to  ultimate 
strength.     Tech,  Quarterly,  April  and  July  1892. 

.     Testing  of  Autographic  Recording  Apparatus.   Paper  by  Thomas  Gray 


before  A.  S.  M.  E.,  giving  a  description  of  a  self  recording  apparatus  applied 
to  Riehle  Testing  machine.  Strains  in  test  piece  increased  for  recording  by 
system  of  levers.     Trans.  A .  S.  M.  E.,  Vol.  XIII..  1892. 

.  Tests  of.  Description  of  some  very  careful  tests  made  at  the  Univer- 
sity College,  London,  to  determine  the  elastic  constants  in  standard  test  bars. 
By  J.  H.  Beare.  Lon.  Eng.,  March  4,  11,  i892. 

.  Tests  of.  Made  by  a  committee  of  the  Mast.  Mech.  Assoc,  to  deter- 
mine the  behavior  of  steel  and  iron  at  various  temperatures.  Mast  Mech., 
July,  1S92,  pp.  123-4.    Ry.  Rev.,  June  25,  i892. 

.     Tests  of  Structural  Wrought  Iron  and  Steel-      Mr.  A.  E.  Hunt's  paper 


before  the  A.  I.  M.  E.,  is  given  fully  with  complete  discussion  in  Eng,  News, 

April  16,  1S92,  pp.  387- 8,  et  seq . 
.     The  Microscopical  Sti-ucture  of .      By  P.    Kreuzpointner.       Numerous 

engravings  of  various  kinds  of  steel.    Iron  Age,  June  23,  1892,  pp.  1224-5 
-.     Tests  of  Watertown  Arsenal.    See  Testing  of  Metals. 


Iron  Industry.    See  Coal  Industry. 

Iron  Manufacture.     Desitlphuration  of  Pig  Iron  by  Manganese.    Description  of  this 

process  in  successful  use  in  Germany.    From  a  consular  report.     Eng.  News t 

May  26,  1892,  pp.  52g-3o. 
.    Introduction  and  Development  of  Magnetic  Separation  of  Iron    Ore.    A 

valuable  historical  paper  by  Axel  Sahlin.    E&*M.Jour.,  June  11,  18,   25,1892, 

et  seq. 
Iron  Ore.    Fluctuations  in  the  Production  of  .     Valuable  statistics  of  the  outputs  of 

eleven  of  the  leading  distiicts  for  the  last  twenty  years.     Iron  Age,   Oct.  27, 

i892. 

Irrigation.  A  Great  Domain  by  Irrigation .  Article  by  Gov.  John  W.  Irwin  oi  Ari- 
zona giving  some  of  the  accomplishments  of  irrigation  and  the  status  of  the  U. 
S.  Government  in  regard  to  its  irrigation  works.  The  Forum,  Feb.,  1892,  pp. 
740-50. 

.    Alessandro  Irrigation  District,  California,    Description  with  details  of 

flume,  canal  and  reservoir.    Eng.  News,  Feb.  6,  iS92,  pp.  120-1. 
■ .    By  Artesian  Wells.    Extent  to  which  this  method  of  irrigation  is  used 


in  the  Western  States.      Average  discharge  depth  and  cost  per  well.      Eng. 
News,  Oct.  13,  1892,  pp.  342-343. 

Colorado,  5th  Biennial  Report  of  the  State  Engineer  of  Colorado,  for  the 


years  i889  and  i89o.  Tables  containing  full  data  of  existing  reservoirs  and  irri- 
gation ditches.  Maps  of  all  districts  under  irrigation  and  graphical  represen- 
tation of  the  mean  daily  discharge  of  the  principal  streams  and  creeks. 
Part  I  and  II. 

in  India.    By  M.  Barois.     A  paper  treating  the  subiect  in   general  and 

describing  several  important  works.  Illus.  Annates  des  P.&=C,  Sept.  i89i, 
pp.  261-311. 

.  in  India.    Description  of  the  recent  developments  in  irrigation  made  in 

India.    Tabular  statistics.    Eng.  News,  Nov.  10,  i892,  pp.  452-453. 
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Irrigation   in  South  Dakota.      Brief  description  of  some  irrigation  works,  showing 
methods  of  application.     Illus.    R.  R.  Gaz.,  May  20,  i892,  pp.  364-5. 

,  in  the  Western  U.  S.     Giving  extent  and  area  of  irrigated  areas.      Eng. 

News,  Sept.  29,  i892. 

.    Progress  of,  in  the  United  States .     Abstract  of  a  discussion  by   R.  T. 

Hinton  and  other  engineers  on  irrigation  in  the  United  States  and  in  the  vari- 
ous states.  From  Irrigation  Age,  Feb.  iS92.  Eng.  News,  March  5,  1892,  pp. 
217-18. 

System  of  the  Cucamongo  Fruit  Land  Co  ,  San  Bernardino  Co.,   Cal.    A 


valuable  paper  by  Geo.  F.  Wright  giving  description  of  source  of  supply,  dis- 
tribution system  and  development.      Eng.  News,  Sept.  29,  1892,  pp.  292-5. 

.     Waters  of  the  State  and  Nation.     A  discussion  of  the  legal  aspect  of 

this  subject.    By  R.  T.  Hinton  in  Irrigation  Age.      Reprint,  Industry,   Feb., 
1892,  pp.  i49  154. 

What  the  Government  is  Doing  to  Advance  In  igat'on  Interests.     A  pa- 


per by  H.  M.  Wilson  describing  the  work  being  carried  on  by  the  Govern- 
ment.   Eng.  News,  Dec.  19  26,  i89i. 
Irrigation  Works.     See  Dams. 

Joules  Equivalent.  A  Compulation  of .  By  R.  H.  Thurston.  Computed  from  an 
assumed  value  of  y,  the  ratio  of  specific  heats  of  gases.  Jour.  Fratik.  Inst., 
April,  1892. 

Journal,  Bearing  Metal  Alloys.  A  lecture  before  the  Franklin  Institute  by  Dr.  C.  B. 
Dudley  setting  forth  the  characteristics  of  a  good  bearing  metal,  and  giving 
results  of  experiments  on  the  Pennsylvania  R.  R.  Abstract,  Eng.  News,  Mar. 
26,  1892,  pp.  3C4-5.  Sci.  Am.  Sup.,  April  2.  ii9?,  pp.  13,5^1-2.  Jour.  Frank-  Inst., 
Feb.,  March,  i892. 

Lake  Currents.     See  Currents. 

Lathe  Tools.     See  Tools. 

Launching.  The  Status  of.  By  Wm.  J.  Baxter.  A  theoretical  discussion  of 
launching  a  ship,  "stern  on."  Illustrated.  Proc.  U.  S.  Naval  Inst.,  No.  1, 
Vol.  VIII. 

Levees.  Report  of  the  Board  of  Engineers  of  Louisiana,  1SC2.  Contains  Reports 
from  various  levee  districts,  and  tables  of  work  done  by  the  U.  S.  and  Louisi- 
ana for  two  years. 

.    See  Dikes . 

Light,  in  Tall  Office  Buildings.     See  Building  Construction. 

Lighthouse.  Old  Orchard  Shoals  Lighthouse,  New  York  Harbor .  Description  with 
sections,  and  abstract  of  specifications  for  this  new  lighthouse.  Eng.  News, 
Feb.  6,  1892,  pp.  1 3S -9 . 

.  The  Bishop  Rock,  Eng.  Short  illustrated  description  of  the  construc- 
tion, and  methods  used  to  overcome  difficulties  of  rough  sea  in  the  handling  of 
material.  Lighthouse  of  granite,  150  ft.  high.  Proc.  Inst.  C.  £,.  Vol.  CVIIL, 
pp.  207-220. 

Lighthouses.  Burning  Oil  for  Lighthouses  and  Lightships.  A  paper  by  E.  P.  Ed- 
wards, describing  the  use  of  various  oils.  Jour.  Soc.  Arts,  Feb.  12,  1892,  pp. 
260-74. 

.    Engineering  off  Cape  Hatteras.    By  Capt.  J .  W.  Walters.    A  paper 

discussing  the  building  of  a  lighthouse  off  Cape  Hatteras  and  advocating  the 
use  of  fascines.    Eng.  Mag.,  July  i892,  pp.  512-22. 

Lighting.   Distribution  and  Measurement  of ■    See  Illumination. 

Lightning  Protection  ft  cm.  A  paper  by  Alfred  Hands  before  the  Soc.  Arch.,  giv- 
ing considerable  practical  information  on  this  subject.  Elec.Rev.,  Feb.  19, 
1892,  pp.  239-4o. 
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Lightning  Arresters,  and  the  Discovery  of  Non- Arcing'  Metals .     A  paper  by  A.  JV 

Wurts  before  the  Am.  Inst.  E.  E.,  describing  some  experiments  and  discussing 

this  subject.     Trans.  A.  I.  E-  E.,  March,  i892,  pp.  102-34. 
Load  Curves.    Sample  Load  Curves  of  Central  Stations.    Types  of  demands  made 

upon  St.  James  Co's.  Station.    Illus.    Elec    World,  Feb.  27,  i8g2. 
Lock.     Cascades   Canal  Locks,  Columbia  River,  Oregon.    Illustrated  description  of 

methods  of  construction  used.    Details  of  concrete  plant.    Eng.  Rec,  Oct.  8, 

ii92,  et  sea. 

.    Hydraulic  Lift.    See  Canal. 

Locomotive.    A  comparison  of  the  Weights  of  English  and  American  Locomotives. 

Tables  and  diagrams  showing  effect  on  bridges  and  comparison  of  wheel 

loads.    Eng.  News,  Oct.  20,  1892,  p.  376. 

,  A  French  fast.    Condensed  from  paper  by  M.  Max  de  Nansouty.   Illus. 

R.  R.  6°  Eng.  Jour.,  March,  1892. 
.    A   Heavy   "Pusher."    A   descriptive    article.     Illus.    R.   R.   &>  Eng. 

Jour.,  Feb,  i8g2. 

.    American  Locomotives  for  New   South     Wales.    Description  of  and 

summary  of  dimensions.    Eng.  News,  Sept.  22,  1892. 

.    American  Locomotives  in  New  South  Wales.    Full  abstract  report  of 

government  commission  on  the  efficiency  of  the  Baldwin  locomotives  in  N.  S. 
W.    Eng.  News,  Aug.  18,  1892,  pp.  159-60. 

.    A  Modern  Samson.    Description  of  locomotive  for  Erie  Railroad,  built 

by  Baldwin  Locomotive  Works.  With  76  inch  %-inch  steel  boiler  on  10  drivers. 
Illus.    Loc.  Eng' ring,  Feb.  i892. 

,  An  English  Passenger.    A  short  description  of  the  four  standard  classes 

of  locomotives  adopted  by  the  Manchester,  Sheffield  and  Lincolnshire  Railway 
Company.    R.  R.&*  Eng.  Jour.,  Oct.  1892. 

.    An  Old  Time  Test.     Description  of  locomotive  of  Camden  and  Amboy 

R.  R.,  iS48,  having  i3x38  cylinders  and  single  pair  8-ft.  driving  wheels.  R.  R. 
&>  Eng.  Jour.,  Jan.  i892.     Illus. 

,  Coaling  of.     See  Coal. 

.     Comparative  Dimensions  of  English  and  American  Locomotives.    Table 

of  dimensions,  also  ratio  of  heating  surface  and  grate  area  to  weight  on  driv- 
ers.    Editorial  discussion.    R.  R.   Gaz.,  May  6,  i892,  pp.  330-1. 

•    Brooks'  Compound.    Arranged  so  as  to  be  used  as  a  simple  engine  in 

switching.  Regulating  valves  so  as  to  make  the  mean  effective  pressure  on  the 
low-pressure  piston  at  starting  equal  to  that  on  the  high-pressure  piston.  Used 
by  Lake  Shore  and  Mich.  Southern  R.  R.    Illus.    Iron  Age,  Oct.  27.  i892. 

,  Compound.     Ten-  Wheel  Compound  for  the  Master  Mechanics'  Association 

Committee.  To  be  subjected  to  very  thorough  tests.  Illustration  and  dimen- 
sions.   R.  R.  Gaz.,  Jan.  8,  iL92,  pp.  20-21. 

.  Compound.     Test  of  a  Compound  Locomotive  in  Fast  Passenger  Service. 

Comparative  tests  Rhode  Island  locomotive  on  the  N.  Y.  P.  &  B.  and  B.  &  A. 
R.  Rs.  Table  of  results  and  general  summary.  Eng.  News,  Dec  12,  1891,  pp. 
556  7.  Full  details  of  tests  with  illustrated  description  of  this  company 's  method 
of  compounding;  profile  of  line,  and  indicator  diagrams.  R.  R.  Gaz.,  Dec. 
12,  i89i,  pp  877-79. 

Compound,  Test  of  in  Regular  Service.    Second  paper  by  C.  H.  Hud- 


son, Gen.  Man.  E.  T.f  V.  &  G.  R.  R.,  giving  results  of  continued   tests  over  a 

second  year  and  confirming  the  satisfactory  results  recorded  in  the  first  paper. 

A  valuable  contribution  to  the  cause  of  the  Compound  Locomotive.    Jour. 

Assn.  Eng  Soc,  Dec.  i892,  p.  565. 
,  Compound.    A  Four-Cylinder  Compound.    A  descriptive  article.    Illus. 

R.  R.  6-  Eng.  Jour..  Feb.  18,2. 
,  Compound.     Test  of  the  Baldwin  Compound  Locomotive  on  III.  Central  R. 
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R.  Results  of  tests  made  on  a  Vauclain  suburban  locomotive,  and  two  simple 
locomotives.  By  D.  L.  Barnes.  Ry.  Rev.,  June  18,  1892,  pp.  384-7.  R.R.  Gaz.. 
June  17, 1892,  pp.  442-4. 

Compound.     Vauclain    Four -Cylinder    Compound  Locomotive.     List  of 


locomotives  built,   with  diagrams    of    cylinders.      En?.  News,  Feb.  20,  i892, 
pp.  i84  5. 

-,  Compound.    Tests  of  a  Rhode  Island  Locomotive  Works  two-cylinder 


compound  in  express  service.    Illus.    R-   R.  &*  Eng.  Jour.,  Jan.  i892. 
,  Compound.    A  Sketch  of  its  History.    By  H    W.  Hibbard.    R.  R.  Gaz., 

Feb.  19,  i892,  pp-  i4i-2. 
,  Compound.     Test  of  the  Johnstone  Compound  Loco?notive  on  the  Mexican 


Central  Railroad.    Full  extract  of  report  of  test  made  in  April  and  May,  i892. 
Details  of  tests  and  conclusions,  R.  R.  Gaz.,  Aug.  26,  i8g2,  pp.  631-3. 

,    Co?npound.     New    high-speed,   four-cylinder    compound    locomotive  ; 


Northern  Railroad  of  France.    Detailed  drawings  with  description.    R.  R. 
Gaz.,  Aug.  12,  1892,  pp.  594-5. 


,  Compound.    For  Fast  Passenger  Service,  C.  R.  R.  of  N.  J.    Table  of 

dimensions  and  general  view.    R.  R.  Gaz.,  Feb.  12,  i892,  p.  117. 

,  Compound.    Johnstone's  Double-Truck  Co?npound  Loco7notivo;  Mexican 


Central  Railway.  Brief  description  with  dimensions  of  this  double  locomotive 
Eng.  A'ews,  March  12,  1892,  p.  244.  Inset  of  details,  illustrations  of  cylinders 
etc.  Eng.  A7ews,  March  26,  18  ,2,  pp.  3o3-4.  See  also  ibid.,  p.  323,  April  2.  Also 
R.  R.  Gaz.,  March  25,  1892.    Ry.  Rev.,  March  26,  1892,  pp.  IQ6-7. 

,  Compound,  Lehigh   Valley.     Brief  description  of  locomotive  built  after 


the  designs  of  F.  W.  Dean.    Illus.    Loc.  Eng..  March,  1892. 
,  Compound.    Hungarian  Slate  Railways-    Designed  for  heavy  passenger 


service.  Has  several  peculiar  features.  Illustrated  description.  Eng.  News, 
Feb.  6,  i89j,  pp.  i33-4. 

.  Compound.    List  of  those  built  in   the  United   States  elsewhere  than  at 

the  Baldwin  Works.  R.  R.  Gaz.,  Dec.  18,  i89i,  p  894.  A  list  of  those  built  at 
the  Baldwin  Works  is  published  in  R.  R.  Gaz.,  Nov.  27,  1891. 

,  Compound.     Report  of  a  committee  of  the  Master  Mechanics' Assoc, 

giving  the  results  of  a  comparative  test  made  on  a  four  cylinder  compound  and 
a  simple  locomotive  on  the  C,  M.  &  St.  P.  Ry.  Mast.  Mech..  July,  1892,  pp. 
119-123.  Full  report,  covering  18  pp.  Ry.  Age,  June  24,  1892.  Ry.  Rev.,  June 
25,  1892.  R.  R.  Gaz.,  June  24,  i892.  Results  with  editorial  discussion,  Eng. 
.\  ews,  June  23,  3j,  i892. 

-.Compound.     The  Lindner  Starling  System  for-    Explanation  of   manner 


of  working,  illustrations  of  mechanism,  and  starting  diagram  for  non-com- 
pound and  Lindner  compound  locomotives.  Eng.  News,  June  16,  1892,  pp, 
616-17. 
,  Compound.  Two-Cylinder  Compound  Locomotives.  Six  indicator  dia- 
grams from  a  Mogul  freight  locomotive  taken  while  heavily  leaded.  Eng. 
News,  April2S,  i892,  pp.  434-5. 

,  Compound.    Analysis  of  the  recent  tests  on  the  C,  M.  &  St.  P.  Ry., 

throwing  out  all  doubtful  and  non-comparable   results.    R.   R.    Gaz.,  Aug.  5, 
i892,  p.  577.    Editorial  discussion  with  illustrative  diagrams,  id.,  pp.  583-5. 

,  Compound  Valve  Gear  of  Johnstone' s  Double  Bogie  Compound  Loco- 
motive. Details  fully  illustrated.  R.  R.  Gaz.,  April  8,  i892,  p.  262.  Eng.  News, 
April  9.  1892,  pp.  3.0-1. 

,  Compound,  in  Freight  and  Passenger  Service.     Notes  from  an  article  on 

the  above  subject  by  Prof.  A.  T.  Woods.    Mast.  Mech.,  March,  1892. 

.    Compound,  for  the  Chicago  and  South  Side  Rapid  Transit.     Illustrated 

description.    R.  R  Gaz.,  April  i5,  1892,  pp.  276-7. 
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Locomotive.     Compound  Fast  Passenger  Locomotive.     Details  with  dimensions.    4- 

cylinders.    R.  R.  &  Eng.  Jour.,  Aug.  i892. 
•— — Compound  of  the  Rhode  Island  Locomotive    Works,  Providence,  R '.  I.    A 

report  of  the  Committee  on  Science  and  the  Arts,  with  Appendices.    Illus. 

46  pages.    Jour.  Frank.  Inst.,  May,  1*92. 

.    Draw   Compound.     Details  and  description  of.    R.  R.  Gaz.,  Nov.  25, 

i892,  p.  882. 
■ .     Construction  of  ini8ai.    Table  of  statistics  giving  the  leading  features 

of  the  locomotives  built  in  1891.    Mast.  Mech.,  Jan.  i892. 

Efficiency  of .    By  J.  J.  Flather.    An  article  describing  how  an  8-wheel 


passenger  locomotive1  was  fitted  up  at  Purdue  Univ.  for  testing  purposes.  Am. 
Mach.,  April  28,  i892. 


— .    Electric  Locomotive  for  Mine.     See  Mining: 


■ — ■ — ,  English  and  American.  Article  by  M.  N.  Forney,  giving  tables  show- 
ing maximum  loads  hauled,  and  the  allowance  of  coal  per  engine  and  per  car 
mile  on  three  roads.    Continuation.    R.  R.  &*  Eng.  Jour.,  Feb.  1892. 

,  English  and  America?!,  continuaiio?i.  Containing  tables  giving  fuel  con- 
sumption and  cost  of  locomotive  service  on  twelve  American  railroads.  R.  R. 
&°  Eng'.  Jour.,  Jan.  i892. 

.    Experimental  Locomotive  of  the  Engineering"  Laboratory   of  Purdue 


University.  Detailed  illustrated  description.  Paper  by  Prof.  W.  M.  F.  Goss, 
before  the  Am.  Soc.  M.  E.  Full  abstract.  Eng.  News,  May  19,  i892,  pp. 
501-4. 

.    Heavy  Freight  Locomotive;  Iron  Range  and  Huron  Bay  Railway .    An 

81-ton  12-wheel  locomotive-  Table  of  dimensions  and  inset  giving  elevations 
and  sections.    Eng.  News,  July  7,  1892,  p.  7. 

.    Historical.    Description  of  first  engine  with  a  steel  boiler  built   in 

America,  by  Great  Western   Railway  of  Canada.    Illus.    Loc.  Eng-'ring-,  Feb. 

1892. 
.    History  of  the  Eqtialtzing"  Lever  and  the  Development  of  the  "American 

Type"  of  Loco?notive.    By  E.  P.  Eastwick,  Jr.,  C.  E.     Illustrated.    R.  R.  Gaz., 

April  22,  i892,  pp., 293-4. 
in    Use  on  Indian  Railways.    Diagrams  and  tables  of  dimensions   of 


various  types.    Ry .  Rev.,  July  23,  i892,  pp.  472-3. 

— i .    Philadelphia  atid  Reading  Fast  Express.    Further  details  of  boiler,  and 

indicator  cards  of  this  locomotive  described  in  R.  R.  Gaz.,  March  18,  1892,  R.  R' 
Gaz.,  April  i5,  i892,  pp.  278-9. 

,  Recent  Desig-ns  of  Light  Crossheads  and  Pistons.    Baldwin   Locomotive 

Works.    Detailed  drawings.    R.  R.  Gaz.,  Feb.  26,  1892, p.  152. 


.    Recent  Locomotives  of  the   Cleveland,    Cincinnati,  Chicago  &*  St.  Louis. 

Elevations  of  three  new  designs,  with  table  of  dimensions.     R.  R.  Gaz.,  Jan.  i, 

i892,  pp.  2-3. 
.    Safely   Chains  betwee?i  Engines  and   Tenders.    A   discussion  of   their 


design  and  use.    By  Prof.  A.  T.  Woods.    R.  R.  Gaz.,  May  6, 1892,  p.  334. 
.    Schenectady  Suburban  Locomotive  for  the  Chicago  &*  Eastern  Illinois. 


Description,  table  of  dimensions  and  inset  giving  illustration.  R.  R.  Gaz., 
June  io,  i892,  p.  421. 

.    See  Electric  Locomotives. 

— .     See  Rails. 

— - — ,  Speed  in.  The  Limitations  of  Fast  Running-.  A  theoretical  and  prac- 
tical discussion.  By  M.  N.  Forney,  T.  N.  Ely  and  H.  W.  Webb.  Scribner  s 
Mag-.,  March,  1892,  pp.  378-9i. 

.    Standard  Six-Wheel  Switcher,  Balt'miore  & \Ohio  Railroad.    Descrip- 
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tion,  inset  showing  sections,  elevation  and  plans,  and  details  of  parallel  rods. 
R.  R.  Gaz.,  July  22,  i892,  p.  540. 

.     Test  of  Steam  Boiler.    See  Sttam  Boiler. 

.     The  Baldwin  Locomotives  in  New  South  Wales.    Abstracts  from  report 

of  Commissioner  of  Railways  as  to  the  economy  and  general  efficiency  of  these 
locomotives.    R.  R.  Gaz-,  July  15,  1892,  pp.  525-6. 

.     The  Liquid  Fuel  Burning  Locomotive  on  the  Great  Eastern  of  England. 

A  detailed  description  with  drawings,  by  W.  H.  Booth.    R.  R.  Gaz.,  Feb.  26, 

1892,  pp.  150-52. 
: — .  Triple  Expansion.    Brief  description    of  locomotive  designed  by  Mr. 

John   Riekie  for  railroad  of  Beloochistan.    Illustrated.    R.  R.  &*  Eng.  Jour., 

April,  1892. 
.     Twelve-Wheeled  Freight  Locomotive — Great  Northern  Railway.    Ele- 
vations, general  view  and  dimensions  of  this  115-ton  engine.    Ry .  Rev-,  Feb. 

20,  i892,  pp.  112-13. 
■ •.     Union  Pacific  Ten-Wheel.    Detailed  drawing,  with  table  of  dimensions 

of  this  heavy  passenger  locomotive.    Ry.  Rev.,  Aug.  20,  1892,  pp.  524-5. 

.      Wear  of  Driving  Wheel  Tires.    See  Railroad. 

Locomotive  Boilers.  Abstract  of  a  paper  by  F.  W.  Dean  before  the  New  Eng.  R. 
R.  Club,  giving  a  brief  discussion  of  the  locomotive  boiler;  as  to  its  special 
service,  defects  and  requirements.  Mast.  Mech.,  Feb.  i892,  pp.  21-2.  Ry.  Rev., 
Jan.  23,  i89.>,  pp.  49-50.  Eng.  News,  Jan.  3o,  1892,  pp.  102-3.  R.  R.  Gaz.,  Jan. 
27,  1892,  p.  63. 

.    Boiler  for  Johnstone  Double  Bogie   Compound  Locomotive.    Illustrated 

description.    R.  R.  Gaz.,  May  27,  i892,  p.  383. 

.    Boilers  of  Locomotive  Engines.    Abstract  of  a  paper  by   G.  H.  Shef- 


field before  the  Inst.  C  E.  describing  several  standard  forms  of  English  boilers 
and  discussing  various  points  of  construction.  Ry.  Rev.,  Aug.  20,  i892,  pp. 
528-9. 

-,  Care  of  in.  Algeria.    Notes  describing  methods  and  devices  used  for 


protecting  boilers  from  the  effects  of  bad  feed  water.  Translated  from  an 
article  by  an  engineer  of  the  Paris,  Lyons  &*  Mediterranean  R.  R.  by  C.  J. 
Bates.    Illus.     A'.R.  Gaz.,  July  22, 1^92,  pp.  548-50,  et  seq. 

.     Full  abstract  of  a  paper  by  J.  L.  Speirs  before  the  New  Eng.  R.  R. 

Club.  Discusses  in  detail  the  designing  and  construction  of  the  various  parts. 
Mast,  Mech.,  Feb.  1892,  pp.  24-5.  Ry.  Rev.,  Jan.  23,  1892,  pp.  56-7-  Eng.  News, 
Jan.  23,  1892,  pp.  89-9o.    R.  R.  Gaz.,  Jan.  22,  i892,  pp.  6i-3. 

.    How  to  Prevent  Leaky  Flues.    A  paper  by  F.  A.  Stinard,  read  before  the 


XV.  R.  R.  Club,  discussing  concisely  the  various  causes  and  proposed 
remedies.  Reprint,  R.  R.  Gaz.,  Dec.  18,  i89i,  pp.  893-4.  Eng,  News,  Dec. 
19,  i89i. 

.    Specifications  for  Steel  Plate  for.    A  summary  of  those  of  the  Eastern 

R.  R.  of  France.     R.  R.  Gaz.,  Feb.  i9,  i-9>,  p.  137. 

Stay  Bolls  for.  By  F.  J.  Cole,  Mech.  Engr.  B.  &  O.   Gives  the  practice 


of  the  B.  &  O.  in  regard  to  inspection  and  reports,  and  discusses  causes  of 

breakage.    R.  R.  Gaz.,  Jan.  8,  1892,  pp.  18-20. 
Locomotive  Construction.     See  Piece  Work. 
Locomotive  Fuel.    Petroleum  Fuel  for  Locomotives.    Abstract  of  an  article  in  the 

Mexican  Financier,  describing  the  use  of  oil  fuel  on  the   Oroya  Railway  of 

Peru.    Eng.  News,  Aug.  25,  i892,  pp    174.5. 
Locomotive  Performance,  for  the  month   of  December,  i8qi-    Table  giving  returns 

from  29  railroads,  as  to  locomotive  mileage,  coal  burned  per  mile,  cost,  etc. 

R.  R.  &°  Eng.  Jour.,  April,  i892. 
Locomotive  Testing.    Standard  Method  of  Conducting  Locomotive  Tests.    Report  of 
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a  committee  of  the  Am.  Soc.  M.  E.,  on  standard  tests.    Eng.  News,  May  i9, 
i892,  pp.  4g6-9.    R.  R.  Gaz.,  May  27,  1892,  pp.  386-8. 

Locomotive  Tests.  Some  Locomotive  Indicator  Diagrams  at  High  Speeds.  Diagrams 
taken  by  Mr.  Angus  Sinclair  on  the  "Empire  State  Express,"  at  speeds  up  to 
78.9  per  hour.  From  Loco.  Eng.  Also  editorial  discussion  on  train  resistance 
at  high  speeds.    Eng.  News,  June  9,  ]892. 

.    Tabular  results  of  tests  of  two  simple  and  one  compound  locomotive. 

R.R.  Gaz.,  May  27.  i892,  p.  384. 

Locomotive  Tires.  Notes  and  Data  on  the  Irregular  Wear  of  Locomotive  Driving 
Wheel  Tires.  By  E.  M.  Herr.  Gives  calculations  of  total  pressures  on  rail  at 
various  speeds,  and  curves  showing  irregularittes  of  wear,  from  data  obtained 
from  53  ten-wheel  freight  engines.  Ry.Rev.,  July  2,  1892  R.R.  Gaz.,  June 
17,  it92.    Eng.  News,  June  16,  1892,  pp.  6i2-i3. 

,  Stresses  hi.     Calculation  of    stresses  due  to  the  shrinking   the  tires  on 

the  wheels.   .R.  R.  Gaz.,  Jan.  1892,  p.  53. 
.     Tire  Breakages    in     G&rmany.    Brief  statistics    showing    number    of 

breakages  for  different  kinds  and  thicknesses  of  tires,  comparative  number  in 

winter  and  summer,  etc.    Eng.  News,  July  7,  i892,  p.  6. 

Locomotive  Trials.     Compotind  High  Speed  Locomotive,  C-  R.  R.  of  N.  J.    Table  of 

data  of  four  tests  with  indicator  cards,  taken  at  various  speeds  from  35  to  9i.7 

miles  per  hour.    R.R.  Gaz  ,  March  11,  1892,  p.  186. 
Locomotive  Works,  Grant.    Illustrated  description  of  these  works  at  Cicero,  111.  R. 

R.  Gaz.,  June  16,  1892,  p-  449. 
,  Schenectady,  N.  Y.    General  plan  and  brief  description.    R.  R.  Gaz., 

July  15,  i892,  p.  524. 

Logarithms.  New  Process  for  Computing'  A  method  of  computing  the  logarithm 
of  any  number  by  simple  multiplication.  By  G.  W.  McCready.  Eng.  News, 
May  5,  1892,  pp.  447-8, 

Lubrication.     See.  Bearing. 

Magnetic  Field,  An  Early  Conception  of  it.  By  Prof.  Edwin  J.  Houston.  Read  at 
a  meeting  of  the  Elec.  Soc.  of  Frank.  Inst.    Jozir.  Frank.  Inst.,  March,  i892. 

Magnets.  The  Magnetic  Permeability  of  Special  Irons  for  Electrical  Purposes. 
Results  of  tests  on  various  metals  as  to  their  permeability,  riy  M.  E.  Thomp- 
son, P.  H.  Knight  and  G.  W.  Bacon,  before  the  A.  I.  M.  E.  Curves  shown. 
Elec.  World,  June  25,  1892,  pp.  436-7. 

Malaria.  Drinking  Water  as  a  Source  of  Water  Supply.  An  account  of  a  case  in 
which  a  whole  village  was  made  malarious  by  poor  water.  By  Dr.  Richard 
Waggener.    Sci.  Am.  Sup.,  Aug.  27,  1892,  pp.  13890-1. 

Mapping.     See  Stir v eying. 

.     The  Practical  Projection  and  Constt'uction  of  Maps.    A  valuable  paper 

by  J.  W.  Redway  discussing  the  relative  values  of  the  various  kinds  of  projec- 
tions and  the  most  practical  modes  of  construction.  Proc.  Eng.  Chcb  Phila., 
July,  1892,  p.  2o9. 

Marine  Signals.     See  Signals. 

Masonry.    Removal  of .    See  Bridge  Pier. 

— — .    See  Railroad  Station. 

Masonry  Beams.     See  Brick  Beams. 

Master  Car  Builders' Association.  Reports  Presented  at  the  1802  Convention.  Re- 
ports on  Inspection,  Manufacture  of  Cast-Iron  Wheels,  Coupler  Standards 
and  Limits,  Steel-Tired  Wheels,  Standards  of  the  Assoc,  and  Standards  of 
Efficiency  for  Air  Brakes.  Mast.  Mech.,  July,  i892.  Ry .  Age,  June  17,  24, 1S92. 
Ry.  Rev.,  June  18,  i892.  R.  R.  Gaz.,  June  i7,  i892,  el  sea.  Eng.  News,  June 
16,  i892. 
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Materials,  Tests  of .  Compression  Tests  of  Material  Under  Falling-  Weights.  Illus- 
trated by  many  curves,  etc.  Made  at  testing  laboratories  at  Charlottenburg, 
by  Prof.  A.  Martens.  Ztst.  Ver  Deutscher  Ingenieure,  14  Nov.  1891,  pp.  1286-91. 
28  Nov;  i89i,  pp.  1347-52. 

Measurements  in  Machi?ie  Construction,  Standard.  By  Fred  J.  Miller.  Description 
of  some  standard  measuring  instruments  and  tests.  Illus.  Am.  Mack.  Jan.  7, 
i892,  Jan.  21,  i892. 

Mechanics,  American  Supremacy  in  Applied  Mechanics.  Several  papers  by  Cole- 
man Sellers  outlining  the  development  of  various  American  inventions  and 
discussing  causes  of  the  supremacy  of  the  United  States  in  many  branches  of 
applied  mechanics.    Eng.  Mtg.,  Dec.  i89i,  et  sea. 

Metal  Working  Machines.  Innovations  in,  Steam  Hammers,  Lathes,  Planers  and 
Slotting- Machines.  Illustrated.  Ztst.  Ver  Deutscher  Ingenieure,  Oct.  3i,  i89i, 
pp.  1240-44. 

Metals  at  High  Temperatures.  Description  of  methods  of  measurement  of  high 
temperatures  and  effects  produced.  By  Prol.  W.  C.  Roberts-Austen  before 
the  Royal  Inst.    Sci  Am.  Sup.,  June  11,  i892.  pp.  i37i4  16. 

.    See  also  Heal  Measurement  of  High  Temperatures. 

.  Influence  of  Temperature  on  the  Mechanical  Properties  0/ Metals.  Re- 
sults of  recent  experiments  by  A  LeChatelier  on  various  metals;  Abstract, 
Proc.  Inst.  C.  E.,  Vol.  C  VII.,  i89i-2,  pp.  440-44. 

■ .    See  Strength  of  Materials  and  Testing. 

Metallurgy.    See  Electro  Metallurgy . 

Meteorology.  Wind  as  a  Factor  in  Geology.  Article  by  G.  P.  Merrill  describing 
many  striking  instances  of  the  action  of  wind  in  transporting  sand  and  dust. 
Illus.     Eng.  Mag.,  Feb..  iS92,  pp.  59j-6o7. 

Meter.     Venturi.    See  Water  Meter. 

Military  Engineer  and  His  Work.  By  Col.  W.  R.  King.  A  lecture  before  the 
students  of  Sibley  College.  Cornell  University,  describing  the  various  duties 
and  departments  of  work  of  a  military  engineer.  From  The  Crank.  Sci.  Am. 
Sup.,  No.  841,  Feb.  i3,  i892.  pp.  13440-42. 

Milk  Supply  and  the  Public  Health.  A  paper  by  Prof-  Wm.  T.  Sedgwick  before 
Soc.  Arts,  Boston.  Gives  d  discussion  of  milk  pollution  and  its  effect  upon 
the  public  health.  Various  biological  analyses  given.  Tech.  Quart.,  Dec, 
i89i,  pp.  365-78. 

Mill  Building  Construction.     See  Building  Construction. 

Milling  Tools.    See  Tools. 

Milling  Tools  and  Appliances.  An  illustrated  paper  by  R.  R.  Lister  before  the 
Manchester  Assoc.  Engrs.  A  paper  giving  much  practical  information.  Tables 
of  speeds,  etc.,  given.    Abstract,  Eon.  Eng.,  Jan.  1,  1892,  pp.  27-8. 

Mining.  Annric  u  Mining in  iSqi.  Article  by  Albert  Williams,  Jr.,  reviewing  the 
state  of  the  industry  output  in  1891,  etc.    Eng.  Mag.,  Feb.,  11:92,  pp.  608-16. 

.    Electricity   in  Bituminous  Mining.      Valuable    paper  by  Elmer  A. 

Sperry  before  Am.  Inst,  of  Elec.  Engrs.,  giving  full  descriptions  of  the  suc- 
cessful manner  of  using  electricity  in  mining.  Illustrated,  Trans.  Am.  Inst. 
Elect.  Engrs.,  July  and  Aug.,  i892. 

.    Electrical  Plant  for  Raising  Ore  and  Pumping  Water.  Double  system 

of  transmission  used,  one  for  winding  engine,  and  the  other  for  pumping. 
Short  description  with  details.    Lon.  Eng.,  Oct.  7,  i892,  pp.  437-438-449. 

.  Electric  Locomotive  for  Mine.   Designed  for  working  in  low  and  narrow 

entries.    Trolley  system,  Drawbar  pull  4500  lbs.      Short  illustrated  description. 

E.  &-M.  your.,  Oct.  1,  1892,  p.  321. 
.     Gold,  the  Cyanide  Process  of  Extraction  as  Applied  to  Milling  Ores  or 

Tailings.    Illustrated  description  of  plant  and  methods  used  in  South  Africa. 

Chemistry  of  the  process.    E.  &=  M.  Jour.,  Oct.  8,  i5,  22,  29,  i892,  et  sea. 
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Mining.  Gold  Mining.  Hydraulic  methods  of  working  applied  to  the  Placers 
of  Siberia.  Paper  illustrated  with  folding  plates  showing  the  position  of  pipes 
and  hose.    By — Chostak.    Russian  Mining'  Jozir.,  1891,   pp.  1-66,  Apr.,  June. 

Mining  Engineering.     See  Surveying. 

Moment  Diagram.     See  Bridge  Stresses. 

Mortar.  Land  and  Stone  Used for  Cement  Mortar  and  Beton.  Full  abstract  of  a  pam  - 
phlet  by  M.  Feret  Chief  ol  Laboratory  ''Ponts  et  Chaussees"  discussing  the 
methods  of  proportioning  the  ingredients  of  mortar  and  concrete  and  giving 
results  of  experiments  on  the  influence  of  humidity  on  the  volume  of  sand  and 
on  various  methods  of  mixing.    Eng.  News,  March  26,  i892,  pp.  3io-ii. 

,    See  Cement. 

.     Time  Tests  of  Natural  Cement  Mortars.      Relative  strength  of  crushed 

quartz  and  sand  mixtures;  also  effects  of  salt.  The  results  of  an  elaborate  ser- 
ies of  tests  by  G.  D.  Baltimore  given  in  The  Polytechnic  are  recompiled  by 
Prof  J.  B.  Johnson  and  diagrams  drawn.  Only  natural  cements  were  used. 
R.  R.  Gaz.,  April  1,  1892,  pp.  2+4-5. 

Mortars.  Construction  of  Modern  Breech-Loading  Rifled  Mortars.  Paper  by 
Capt.  A.  H.  Russell  U.  S.  A.,  giving  a  full  illustrated  description.  Technology 
Quarterly,  Vol.  V.,  Nos.  1  &  2,  April  and  July,  1892- 

Motors.       Compressed  Air  and  Belgian.      Recent  trials  of.       See  Street  Railways. 

.    Efficiency   Test  of  Electric   Motor  for  Street  Railway.       Results   and 

description  of  methods  used.  Trans.  A.S.  C.  E.,  Vol.  XXVII.,  pp.  3o7- 
312. 

.  Electric.    Bucking  of.     See  Electric  Motors. 

.    For  Street  Railways,    See  Street  Railways . 

.    See  Dynamos  and  Motors. 


Municipal  Engineering,  Some  Problems  in.  A  brief  paper  by  L.  M.  Hastings  read 
before  the  Boston  Soc.  C.  E.,  outlining  some  of  the  difficulties  of  this  branch 
of  engineering.     Jour.  Assn.  Eng.  Soc,  Nov.,  i89i.  pp.  549-51. 

.     The  management  of  Klunicifal  Public  Works  in  St.  Louis.  A  paper  by 


Robert  Moore  read  before  the  Boston  Soc.  C.  E.  Gives  a  history  and  descrip- 
tion of  the  peculiar  features  of  the  excellent  system  carried  out  in  this  city. 
Reprint,  Eng.  News,  Jan- 23,  i892,  pp  76-7  Eng.  Rec,  Jan.  23,  i892,  pp.  127-8. 
Extracts,  R.  R.  Gaz.,  Jan .22,  i892,  pp.  56-7. 

Municipal  Government  in  Large  Cities-.  Abstracts  of  papers  read  before  the  Bos- 
ton Soc.  C.  E. ,  describing  the  city  governments,  especially  the  parts  relating 
to  public  works  of  Boston,  New  York,  Buffalo  and  Paris,  France.  Eng.  Nezvs, 
Feb.  27,  March  5,  i892. 

— ■ ,  with  Especial  Reference  to  the  Management  of  Public  Works.  A  descrip- 
tion of  the  systems  of  the  following  cities:— S  .  Louis,  by  Robert  Moore:  Bos- 
ton, by  Wm  Jackson;  New  York,  by  F.  M.  Scott;  Providence,  by  J-  H.  Shedd; 
Buffalo,  by  E.  B.  Guthrie;  Philadelphia,  by  Professor  Dwight  Porter,  and  Paris, 
France,  by  Henry  D.  Woods,     four.  Assn.  Eng.  Soc,  March,   1892,  pp.  123-65 

Navigation.    Interior.    See  Interior  Navigation  and  Inland  Navigation . 
.     Our  Lake  Commerce  and  Ways  to  the  Sea.     An  article  by  C.  K.   Davis 


discussing  present  waterways,  and  future  possibilities,     The  Forum,  Feb,  1892, 
pp.  729-39. 

.    Power  required  on  Rivers.     See  River  Navigation. 

Nickel-Steel.  Distribution  of  Ore  Deposits.  Paper  by  J.  H.  Eastwick  before  Eng. 
Soc.  of  Western  Pennsylvania  giving  a  short  outline  of  the  character  anddi  s- 
tribution  of  ore  deposits,  and  methods  of  refining.  Eng.  Soc.  of  West  Pa.,  Oct. 
25,  i892. 
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Nickel-Steel.     Used  for  Armour  Plate.    See  Armour  Trials. 
.    See  Steel. 

Ocean  Currents.  Recent  Discoveries  Concerning"  the  Gulf  Stream.  Article  by  J. 
E.  Piilsbury  describing  this  ocean  current  and  methods  of  examining  it,  and 
giving  the  theories  advanced  as  to  its  cause.  Century  Mag-.,  Feb.  i892,  pp. 
533-40 . 

Oils.    See  Lig-hthouses . 

Ore  Separator.  The  Chase  Magnetic.  A  valuable  paper  by  Harvey  S.  Chase  before 
the  Am.  Inst.  Mining  Engrs.  Illustrated  description.  Eng.  News,  Sept.  1, 
i892,  pp.  199-200. 

Ores,  Gold.  Variations  in  the  Milling  of  Gold  Ores,  at  Gilpin  Co.,  Colorado.  A 
valuable  paper  by  T.  A.  Rickard  giving  descriptions  of  the  most  recent  pro- 
cesses with  estimate  of  cost.    E.  &=  M.   your.,  Aug.  27,  1S92,  et  seq. 

Ore  Separator.  The  Chase  Mag-nelic  Ore  Separator-  Illustrated  description  of  a 
machine  for  separating  the  magnetic  particles  from  the  crushed  ore.  An  ab- 
stract of  a  paper  read  by  Harvey  S.  Chase  before  the  Am.  Inst.  M.  E.  Eng: 
News,  Sept.  1,  i892,  pp.  i99-20o. 

Oxygen.  The  Amount  oj  Dissolved  Oxygen  Contained  in  Waters  0/  Ponds  and  Reser- 
voirs at  Different  Depths.  A  valuable  paper  by  Thomas  M.  Drown  giving  the 
results  of  numerous  analyses.     Eng.  News,  Sept.  29,  i892,  pp.  3o9-io. 

Paper  Making  Processes  and  Machinery .  A  paper  by  J.  B.Bennett,  M.  I.  C.  E.,  be- 
fore the  Manchester  Assn.  Engrs.,  describing  the  various  processes  and 
machinery  employed.    Mech.  World,  April  15,  i892,  p.  177,  etsea* 

Pavements,  Brick.  Results  of  tests  made  in  different  cities.  Methods  and  results 
of  numerous  artificial  tests.    Jour.  Assn.  Eng.  Soc,  Aug.  i892,  pp.  427-432. 

,  Brick,  Specifications  for.     For  the  city  of  Burlington,  Iowa.    William 


Steyh.    Eng.  Record,  Feb.  27,  i892,  p.  2i4. 
,  Brick.    Specifications  for  at   Cleveland,  0.    Eng-.  Record,  April  16,  1892, 

p.  334. 
,  Cedar  Block.    A  valuable  paper,  describing  the  advantages  and  process 


of  manufacture  of  sapless  cedar  blocks  for  paving.  By  Thomas  Appleton. 
Jour.  Assn.  Eng.  Soc,  Nov.  i892.p,  556.  Discussion,  also  giving  much  informa- 
tion on  other  pavements,  ibid,  Dec.  i8g2,  p.  579. 

,  City  Streets-    How  to  Build  Them,  and   Why.    By   L.  W.  Mathewson. 

Describes  methods  of  constructing  various  kinds  of  pavements,  referring  es- 
pecially to  Cincinnati  practice.  Illustrations  of  various  sections  given,  nth 
Annual  Report  Ohio  Soc.  S-  6°  C.  £-,  i89o,  pp.  95-118. 

Effect  of  Street  Paving  on  the  Value  of  Abutting  Property.     Paper  by 


S.  Whinery,  investigating  the  question.  Eng-.  Record,  May  21,  i892,  pp. 
4i8-9. 

.  Granite  Block.  Specifications  for  granite  block  paving,  gravel  founda- 
tion, with  pitch  joints.    Jour.  Assn.  Eng-.  Soc,  Aug.  1892,  p.  433. 

.     Granite  Paving-    Blocks.     Illustrated    description    of  the    method  of 


quarrying,  cutting  and  trimming  to  standard  dimensions.    St.  Ry.  Jour.,  Oct. 

1S92,  pp.  578-582. 
in  Boston  and  other  Cities.    Abstract  from  a  report  of  the  Boston  Street 

Department  regarding  the  condition  of  pavements  of  Boston  and  other  cities. 

Eng:  News,  May  12,  1892,  pp.  483-4. 
.    Macadam  Road  Contract,  Brookline,  Mass.    Contains  specifications  for 


a  first-class  road.    Eng:  Record,  Dec.  19,  1S92,  pp.  44-5. 

.     Special  Reg-ulations  for  Laying  Asphalt  Pavements   and    Changringr 

Asphalt  Sidewalks  in  Berlin,  Germany.    A  translation  of  the  specifications  of 
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the  Commission  of  Public  Works,  Berlin.    Eng.  Record,  Dec.  19,   i89r,  Jan.  2, 

1892. 

.    See  Asphalt  and  Brick- 

.    Street  Pavements  in  American  Cities.    Very  complete  statistics  of  pave- 


ments of  over  50  American  cities,  as  regards  amount  of  each  kind  and  cost. 
From  a  paper  by  R.  Gillham  before  the  Commercial  Club  of  Kansas  City. 
Eng-.  News,  July  7,  1892,  pp.  2-5. 

.    Street  Paving.    By  Walter  Brinton.    A  brief  paper    discussing    the 

method  of  constructing  granite  block  pavements.  Proc.  Eng.  Club,  Phila., 
i892,  No.  2,  pp.  136-40. 

Street  Paving — Its  Cost,  Character  and  Construction.    A  paper  by  W. 


W.  Thaver,  describing  briefly  the  best  methods  of  constructing  the  various 
kinds,  also  giving  cost;  with  discussion.  Proc.  Eng.  Club,  Phila.,  i892,  No.  2, 
pp.  nS-35. 

.     Wood  as  a  Paving  Material.    Present  method  of  use  and  durability  as 

affected  by  character  of  foundation  used.    Eng.  News,  Sept.  8,  i892. 

.    See  Brick  Manufacture  and  Tar  Pavements. 


Paving  Stones  for  Highway  Construction.     See  Highway  Construction. 

Petroleum  for  Engines.  Different  kinds  of  Petroleum  available  for  engine  use. 
Method  of  using  in  all  kinds  of  engines,  method  of  storing.  See  also  Engines, 
Petroleum  and  Gas,  Jour.Soc,  of  Arts,  Oct.  14,  21,  28,  Nov.  4,  11,  i892.  Abst.  in 
Eng.  News,  May  i9,  i&92,  pp.  504-505. 

.    For  Locomotive  Fuel.     See  Locomotive . 

Petroleum  for  Fuel.  Crude  Oil  for  Fuel  at  the  Minneapolis  Water-Works.  Com- 
parative results  obtained  from  bituminous  coal  and  oil.  Eng.  News,  July  28, 
i892,  p.  75. 

Petroleum  as  Fuel.  Use  and  Misuse  of.  A  discussion  of  the  question  of  price  and 
methods  of  use.    Iron  Age,  July  21,  28,  i892. 

Phosphate.  Industry  of,  in  Florida.  Illustrated  description  of  deposits,  methods  of 
mining,  and  recent  growth  of  this  industry.  Eng.  Mag.,  Oct.  1892,  pp. 
8o-94. 

Photographic  Surveying.     See  Surveying. 

Piece  Work  on  Locomotives.  Classification  for  piece  work  for  an  8-wheel  pas- 
senger locomotive  as  adopted  by  a  leading  railroad.  R.  R.  &*  Eng.  7our., 
Jan.  1892. 

Pier.    Iron  Coal  Pier.    See  Piles,  Wrought  Iron. 

.    Iron  Wharf  at  Fort  Monroe,  Va.     See  Wharf. 

.    See  Bridge  Pier. 

Pile  Driving.  Bearing  Strength  of  .  Paper  by  J.  F.  Cro well  before  A  S.  C.  E.  dis 
cussing  the  uniformity  of  the  principal  fonnulas  of  the  bearing  strength  of 
piles.  Deduces  a  valuable  formula  dependent  on  the  character  of  loading 
Trans.  A.  S.  C.  £.,  Aug.  i892,  Vol.  XXVII.,  pp.  99-n4.  Discussion  by  A.  M 
Wellington  and  J.  C.  Trautwine  and  others,  pp.  129-172.  Abst.  in  Eng.  News 
Oct.  27,  i892,  pp.  399-400. 

Piles.     Cast  Iron.    See  Wharf. 

.     Charring  Piles  before  Creosoting.     For  use  in  marine  waters  to  repel 

attacks  of  teredo  or  limnoria.    Eng.  News,  Sept.  1,  1892. 
■    Screw  Pile  Pier.    In  the  Gulf  of  Benin,  Africa.    Pier  9i3  ft.  long.    Piles 

made  of  steel  c,%  diam.,  23  ft. ,-65  ft.  lcng.    Cast  iron  screw  for  piles.    Details 

and  dimensions.    Eng.  News,  Oct.  6,  1892,  pp.  320. 
.    Screw  Piles  for  Bridge  Piers.    Example  of  the  use  of  large   screw 

piles.    Illus.     From  Indian  Eng..    Abstract,  Eng.  News,  Aug.  4,  1892,  p.  116. 

.    Screw  Piles  in   Germany.    Illustrated  description    of  the  method  of 


660  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

driving  screw  piles  by  means  of  a  steam  engine  with  tackles.    From  Central- 
blatt  der  Bau-<<erwaltung.    Eng.  News,  May  26,  i892,  p.  532. 
.     Wrought  Iron.    For  the  iron  coal  pier  of  the  Norfolk  and  Western 


Railroad  Company  at  Norfolk,  Va.  Short  illustrated  description  of  methods 
used  in  construction.  Piles  about  45  55  ft.  long,  12  in.  diameter.  Trans. 
A.  S.  C.  E.,  Aug,  iS92,  Vol.  XXVII. ,  pp.  125-129.  Abst.  in  Eng.  Rec,  Oct.  29, 
1892. 

Pipe.  Manufacture  of  Vitrified  Sewer  Pipe.  Description  of  the  process  of  manu- 
facture employed  by  Evans  &  Howard,  St.  Louis,  Mo.  Ry  Wm.  C.  Klingel- 
hoefer.     Techtiograph  (Univ.  of  III.  Annual).  1891-2,  pp.  83-7. 

.  Notes  on.  By  E.  Penny,  M.  I.  C.  E.  A  compilation  of  practical  in- 
formation concerning  the  manufacture,  testing,  laying,  etc.,  of  cast  iron  water 

pipes.    Ind.  Eng.,  Nov.  21,  1892. 
.    Protection  of  Exposed  Water  Main   Crossing  Bridges.    A  paper  by  S. 


E.  Babcock,  before  the  Am.  W.-W.  Assn.,  describing  certain  methods  of  pro- 
tection used  by  him  and  discussing  their  efficiency.  Eng.  News,  May  19,  1892. 
pp.  519-20.    Eng.  Record,  May  21,  i892,  p.  4r6. 

.    Steam  Pipes  for  High  Pressures.    Results  of  observations  of  Mr.  J.  Van 

Vleck  as  to  European  experience  in  their  use.  Illustrations  of  details.  Power, 
Jan.  2,  1892,  pp.  6-7. 

.     See  Conduit. 

.    Submerged  Gas  Pipe  at  Grand  Forks,  S.  Dak.    Provided  with  manhole 


in  center  of  river,  and  with  sleeve  to  allow  for  slipping  when  river  bank  slips. 
Illustrations  of  details.    Eng.  News,  May  5,  i892,  pp.  446-7. 

.     The  Joints  of  American  Vitrified  Sewer  Pipe.    Paper  by  Prof.  Howe, 

giving  results  of  tests  of  sewer  pipe  and  joints.    Eng.  Nezas,  Sept.  15,  1892. 

Water  Mains  of  Wooden  Slaves.    Abstract  from   a  paper  by   D.   C. 


Henney,  before    the  Tech.  Soc  Pac.  Coast,  giving  formulas  and  describing 

methods  of  construction.    Eng.  News,  May  12,  iS92,  p.  4S8. 
Pipe    Laying.    By    Machinery.    A     Four-Foot      Water     Alain.    See    Contractors' 

Plant. 
.    Lowering  Submerged    Water  Pipe  Across  the  Platte  River  at  Denver, 

Colo.    The  current  of  the  river  was  made  to  excavate  the  sand  by  forcing  it  to 

flow  under  the  pipe  as  it  was  lowered.    Eng.  News,  April  28,  i892,  p  424. 
.    New  Method  of  Laying  Large  Submerged    Water  Mains.    The  mains 

are  floated  into  place  in  sections,  riveted  together  and  sunk.    Several  special 

features  introduced.    Illustrated  description.    Eng.   News,    March    19,    i892, 

P-2;9. 
Planimeter,  Theory  of  Polar  Planimetcr.     By  Emil  Theirs.    Illus,    Am.  Mack.  Jan. 

28,  1892. 
Plant,  Contractors' .    See  Contractors'  Plant. 
Plumbing.    Pipe  Systems  and  Pressure  Tests  in  tke  Havemeyer  Building.    A  16-story 

structure.    Eng.  Rec,  June  18,  1892,  el  sea  ■ 

-.     Trap-Seal  Protection.    See  House  Drainage. 

Pneumatic  Tube  Transmission.     Extract  from  the  annual   report  of  the  Postmaster 

General,  1891.     Gives  brief  history  of  the   subject,  with  quite  full  description  of 

the  Berlin  system  ;  also  brief  description  of  other  systems.     Ry.   Rev.,  Jan.  3o, 

1892,  pp.  74-6- 
.     Description  of  the   London  system,   abstracted  from    The  Engineer. 

Eng.  Rec,  Jan.  16,  1892,  p.  no. 
Pneumatic  Dispatch  System.     Wildermann  System.    Illustrated  description  of  this 

system  now  in  use  in  Berlin.    Lon   Eng.,  Nov.  13,  189',  pp.  57-8. 
Poles,  Strength  of .      Results  of  tests  upon  iron  poles  used  in  street  railway  work. 

Tests  made  upon  five  iron  poles,  three  pipe  poles  and  one  chestnut  pole.     St. 

Ry.  Jour.,  Feb.,  1892,  pp.  85-6. 
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Pop- Valves,  Dan^er-oiis.  Shows  how  a  waste  pipe  may  make  the  pop-valve  dan- 
gerous.   Illus.     The  Locomotive,  Jan .,  1892.    Age  of  Steel,  Feb.  13,  1892. 

Population  of  the  United  States.  Formula  for  Predicting.  Prof.  H.  S.  Pritchett. 
The  formula  giving  the  population  very  closely  at  any  time  between  1790  and 
1890  is  P=i7.48  +  5.io2T+o.6335T-  +  o.o3o4'P,  where  P=Population  in  millions 
and  T=Time  in  decades  from  1840.  Derivation  of  formula,  Trans.  Acad.  Sci., 
St.  Louis,  1892,  pp.  599-608. 

Power.  Continuous  Indicators  of  Power  Developed.  Illustrated  description  of  vari- 
ous ways  of  automatically  recording  the  power  developed  by  locomotives  and 
other  steam  engines,    R.  R.  Gaz.,  Oct.  i4,  1892,  pp.  773-775. 

,  Cost  of.    An  Estimate  of  the  Net  Cost  of  Working  with  Power  Produced 

on  the  Premises  by  Small  Motors.  A  paper  by  M.  Korte  before  the  Assoc.  Min. 
Engrs.  of  Barmen,  Germany.  Gives  several  tables  showing  in  detail  cost  of 
power  for  various  kinds  of  small  motors.  Eeprint,  Sci.  Am.  Sup.,  No.  836, 
Jan.  9,  i892,  pp.  133^3-5. 

,  Cost  of ,  in  Mexico  and  our  Western  Mining  Regions.      By  A.    Falkenau. 

A  discussion  of  the  high  cost  of  power  due  to  scarcity  of  fuel  and  water;  and 
the  effects  on  the  introduction  of  machinery.  Proc.  Eng.  Club  Phila.,  July, 
1892,  pp.  193-202. 

.    See  Water  Power.     Wave  Power. 


.     The  Manufacture  of.  A  paper  by  Prof.  Thos.  Gray,  before  the  Am.  Soc. 

M.  E.,  describing  the  principles  of  three  forms  of  dynamometers.    Eng.  News, 

May  i9,  1892,  pp.  499-500. 

,  Transmission  of.     See  Rope  Driving  Plant. 

Water,  Utilization  of  the  Falls  of  Niagara.  By  Clemens  Herschel,  Con- 


sulting Engineer.    Gives  brief  history  of  the  project,  present  stage  of  progress, 
with  general  plan  of  the  work,  detail  plan  showing  proposed  power  stations, 
etc.    Eng.  News,  Jan.  23,  1892,  pp.  74-6. 
Power  Plant,    Niagara  Falls.    Short  description.  Plan  showing  location  of  tunnel 
and  proposed  power  stations.     Elec.  World,  Feb.  6,  1892. 

.    At  the  Chicago  World's  Fair   Grounds.      The  Electrical.     By  W.   J. 

Collins.  An  interesting  description  together  with  illustrations  of  some  of  the 
apparatus  employed.    Elec.  World,  March  23,  i892. 

Power  Distribution  from  Central  Stations.  Presidential  Address,  Section  G.,  Brit- 
ish Assn.,  by  Prof.  W.  C.  Unwin,  reviewing  the  various  methods  of  transmis- 
sion, giving  their  history.    Elec.   World,  Aug.  20,  1892,  et  sea. 

Power  Stations.  Development  in  the  Designing  of .  Brief  illustrated  article  by  C.  J. 
Field  and  E.  J.  Cook.    St. Ry.  Jour.,  Feb.,  i892,  pp.  88-9. 

.  For  Electric  Ry.,  constructed  by  West  End  St.  Ry.  Co.,  Boston.  De- 
tails of  Power  House,  and  triple-expansion  engines.  Total  steam  capacity  12,- 
000  H.  P.    St.  Ry.  four.,  Sept.,  i%92. 

Power  Transmission  by  Alternating  Currents  and  its  Utilization  by  Continuous  Cur- 
rents. By  H.  Ward  Leonard.  Abstract  of  a  paper  read  before  the  Nat.  Elec. 
Light  Assn.    Elec.  Eng.,  March  2,  i892. 

.  Electrical  for  Cotton  Mills.  An  article  by  C.  J.  H.  Woodbury,  advo- 
cating the  use  of  electricity  for  transmitting  power  in  mills.  Anier.  Mach., 
Nov.  10,  i892. 

,  By  Electricity,  Long  Distances.     Paper  by  Francis  Hart  describing  the 


different  methods  of  power  transmission  and  the  economy  of  each  system. 
Technology  Quarterly,  April  and  July,  i892. 
of ,  by  Electricity .    Short  paper  by  Eugene  Griffin  describing  the  princi- 
ples of  Electric  Transmission  of  Power;  with  numerous  examples  of  different 
systems.    Jour.  Frank.  Inst.,  Sept-,  i892,  pp.  i69-8g. 

by  Electricity.    By  D.  C.  Jackson.     Abstract  of  a  paper  read  before  the 


Chicago  Elec.  Club.    Power,  Apr.,  i892. 
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Power  Transmission/rowz  Niagara  Falls  to  Buffalo.       Interesting  information  on 

method  proposed  by  the  Oerlikon  Co.,  part  builders  of  Lauffen-Frankfort 

plant.     Elec.    World,  March  12,  1S92. 
at  Niagara.    By  F.  E.  Pitchard.     A  brief  discussion  of  transmission  of 

power  from  water-wheel  to  generator.    Elec.  World,  April  16,  i892. 
by  Compressed  A ir.     Notes  of  a  lecture  by  Prof.  Coleman  Sellers,  before 

the  Stevens  Inst.,  describing  various  uses  of  compressed  air  and  important 

plants.     From  the  Stevens  Indicator.    Eng.  Rec,  Aug.  i3,  i892,  pp.  170-1. 
by  Rope.    By  Carl  Hering.    Abstract  of  a  paper  read  before  the  N.   E. 

L.  Assn.    Power,  April,  1892. 
,  Electrical.     ByWm.  M.  Schlesinger.     An  interesting  paper,  giving 

laws  of  minimum  operating  expenses.    Illus.    Elec.  World,  March  5,  i892. 

.    High  Potential.    By  Elihu  Thomson.      Paper  giving  a  brief  reference 


to  different  combinations  of  apparatus  in  which  high  potential  may  be  employ- 
ed.   Elec.  Eng.,  March  23,  1852.    Elec.  World,  March  26,  1892. 

.    See  Electric  Power  Transmission,  Transmission  0/  Power. 

.     See  Electrical  Transmission. 

.     See  Hydraulic  Supply  Station.    Electric  Mining'  Machinery. 

with  Special  Reference  to  the  Frankfort  Plant.      By  Carl  Hering,      Paper 

read  before  the  Nat.  Elec.  Light  Ass'n.  Elec' World,  March  5,  1892. Elec.  Eng., 
March  2,  18^2  (abstract).    Eng.  News,  March  19,  1892,  pp.  208-2. 

Projectiles.  Making-  Projectiles  for  the  Government.  Description  of  the  machines 
and  processes     Illus-    fron  Ag-e,  May  25,  1892,  pp.  1032-3. 

.     The  Justin  Projectile  for  High  Explosives.      Abstract  of  an  article  in 

"Iron  Age"  describing  the  projectile  and  experiments  made  at  Perryville,  N. 
Y.    Eng.  Arews,  Aug.  4,  1892,  pp.  104-5. 

Pulleys.  Wood.  Description  of  various  forms  of  wood  pulleys  upon  the  market. 
Illus.    Power,  March,  1892. 

Pump.  A  Three-Cylinder  Electric  Pump.  Illustrated  description,  with  results  of 
tests  of  a  Gould  electric  pump.      Eng.   News,  Nov.  i4,  1891,  p.  457. 

.     The  Denaby  Pump  for  Sinking  Shafts  of  Great  Depth.       Will  lift  70,000 

Gal.  per  hour,  1S0  ft.  Pump  suspended  and  adjustable,  more  efficient  than 
the  ordinary  method  of  hanging  heavy  lifts  Used  for  sinking  coal  shaft  16  ft. 
wide,  5oo  ft.  deep.      Description  with  details.    Lon.  Eng-.,  Oct.  21,  1892,  p.  345. 

.     Underground  Suction  Pipes.    A  discussion  of  the  difficulties  met  with  in 


their  use.    By  E.  E.  Magovern.    Eng-. Rec,  May  21,  i892,  pp.  413-4. 
.    For  Mines.    See  Mining. 


Pumping  Engines.  New  High  Service  Pumping  En  fine,  Boston,  Mass.  Description, 
plan  and  elevation.    Eng.  Rec,  June  4,  1892,  pp.  8-9. 

.    Pump  Valves  for  High-Service  Pumping  Engine.      Using  the   Riedler 

valve  gear.  ,  Can  run  at  speed  from  50-75  revolutions  per  minute.  Description 
and  full  details  of  valve  gear.    Eng.  Rec,  Oct.  1,  1892,  p.  279. 

,  Tests  of  ,  at  Lowell,  Mass .  Tests  of  a  Worthington  High  Duty  Com- 
pound, an  old  Worthington  Compound  and  a  Morris  Engine.  Indicator  cards 
giyen.    Eng.  News,  April  16,  i892,  p.  374.    Eng.  Rec  ,  April  9,  i892,  p.  313. 

.     Triple  Expansion  Pumping  Engines  at  the  Millburn  Pumping  Station, 

Brooklyn  Water-Works  Extension.  Capacity  of  each  of  three  engines,  10,- 
000,000  gallons  per  24  hours.  They  are  horizontal  diiect  acting.  Description, 
inset  of  drawings  and  abstract  of  specifications.  Eng.  News,  March  12,  i892, 
pp.  238-9. 

.    For  Alines.    See  Mining. 


Pumping  Machinery.  Selection  of  Permanent  Pumping  Plants.  By  C.  T.  Roberts, 
Mine  pumps,  battery  supply  pumps,  tables  showing  first  cost  of  operating,  etc. 
Wikwatersrand  Milling  Review,  June,  1891. 
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Pumping  Plant.  Electric  (Rubber)  Pumping  Plant  for  Salt  Water  Aguaria  at 
Chicago  Exposition.  By  W.  B.  Bagley,  U.  S.  Navy.  Jour.  Am.  Soc.  Nov 
Engrs.,  Vol.  IV.,  May,  1892,  p.  2o3. 

.    Movable  Pumping  Plant  at  St.  Louis.      The  pump  house  is  mounted 

upon  an  inclined  plane  and  may  be  shifted  up  or  down  according  to  the  stage 
of  water  in  the  river.    Illustrated  description.      Eng.  Pec,  Feb.  29,  i892,  p.  212. 

Purification  of  Rivers.     See  Rivers. 

Quarrying.  Dimension  Stone  Quarrying. —  The  Blasting  Process.  By  Wm.  L. 
Saunders.  Describes  various  blasting  systems,  especially  the  Knox  system, 
in  which  an  elongated  hole  ib  used  with  great  efficiency.  Illus.  Trans.  A. 
S-C.  E.,  Vol.  XXV.,  Nov.,  i89i,  pp.  501-14.      Abstract,  Eng.   News,   Nov.   14, 

1891,  pp.  46o-i. 
Quicksand.     See  Excavating. 

Race  Tracks.  Abstract  of  a  paper  by  W.  G.  Kirkpatrick  giving  an  account  of  the 
"Engineering  Features  of  the  Cumberland  Race  Track."    Eng.  News,  Feb. 

1892,  p.  i45. 

.     The  Constntction  of.    Paper  by  F.   B.  Krause,  describing  methods  of 

laying  out,  construction  and  maintenance.  Illus.  Sci.  Am.  Sup.,  June  25,  i892, 
pp.  13738-40. 

The  Laying  Out  of  Kite-Shaped  Race  Tracks.    Formulas  and  explana- 


tion.   By  D.  H.  Davidson.    Eng.  News,  June  23,  i892.  p.  634. 
Rail  Joints.    Data  for  Tests  of.    Yaluable   data  collected  by  committee  of  Eng. 

Soc.  of  West  Pa.,  for  a  thorough  investigation  of  the  subject  of  rail  joints. 

Summary  of  answers,  of  26  questions,  received  from  all  the  leading  R.  R.  of  U. 

S.    Eng.  Soc.  of  West  Pa.,  June  21,  1892. 
.    New  For?ns  Devised  by  Mr.  fames  Price.     Uses  principle  of  double 

girder.    Short  illustrated  description  and  record  of  test.    Eng.   News,  Oct.  13, 

1892,  p.  346.    R.  R.  Gaz.,  Oct.  i4,  i892,  p.  765. 
.     On  the  Rail  Joints  of  Lines  Having  Fast  Traffic.     By  M.  Mussy.     Dis- 


cusses the  subject  of  rail  joints  in  general  and  describes  the  forms  used  on 
the  five  principal  French  railways.  Two  plates  of  illustrations.  Annates  des 
Ponts  et  Chaussees,  Oct.  i89i,  pp.  34o-4o6.  Abstract,  R.  R.  Gaz..  Apr.  1,  1892, 
p.  240. 

.     Tests  on  the  C.  &*  N.  W.Ry.    Results  of  tests  in  actual  service  of  the 

truss  joint,  angle  bar  joints  and  channel  base  plate  joints.  Eng.  News,  Feb. 
27,  i892,  p.  202. 

" 'Triple  Fish"  Rail  Joint.    A  combined   "bridge"   and   "fish"  joint. 


Fully  illustrated.    R.  R.  Gaz.,  April  29,  i892,  p.  310. 

Rail  Sections.  Standard  Rail  Sections  and  Rail  Joints;  New  York  Central  <5°  Hud- 
son River  R.  R.  80-lb.  standard  rail  and  joints  for  wooden  and  for  steel  ties. 
Dimensions  of  six  N.  Y.  Central  standards  given.  Eng.  News,  April  2,  1892, 
pp.  316-17- 

.    See  Railroad  Ties. 

Rails.  A  Comparative  Study  of  Chair  Rails  and  Flange  Rails.  Abstract  of  a  paper 
by  M.  Freund  in  Les  Annates  des  Travaux  Publics,  giving  the  results  of  investi- 
gations into  the  comparative  performance  of  the  two  classes  of  rails.  Illus.  R. 
R.  Gaz.,  Aug.  5,  i892,  pp.  576-7. 

.  Causes  of  Rail  Breakages.  A  discussion  of  the  effect  of  unsound  in- 
gots and  imperfect  manufacture.  By  W.  R.  Hinsdale.  Iron  Age,  April  2S, 
i892,  pp.  814-16.  Abstract  of  the  portion  relating  to  inspection.  R.R.  Gaz., 
May  6,  i892. 

.    Endurance  of  Small  Rail  Heads.    Diagrams  of    three  rails  showing 

the  results  of  heavy  traffic  on  very  thin  rail  heads.  R.  R.  Gaz.,  April  1, 1S92,  p. 
242. 
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Rails.  Expansion  of.  Experiment  on  the  expansion  of  continuous  rails  on 
street  railway,  made  by  A.  J.  Moxham.  Showing  that  rails  embedded  in 
macadam  pavement  and  laid  continuous  will  not  expand  with  increase  of  tem- 
perature. Practical  case  in  operation.  Eng.'  News,  Oct.  27.  i892,  pp.  388-389. 
St.  Ry.Rev.,  Nov.  1,  iS92. 


.  Hard  Steel  Rails  Abroad.  Abstract  of  a  paper  by  Johann  Rybar  be- 
fore the  Austrian  Engrs.  and  Arch.  Soc,  giving  the  present  state  of  practice 
in  Europe,  and  pointing  out  the  tendency  toward  hard  rails.  R.  R.  Gaz„ 
March  18,  i892,pp.  2o7-8. 

.    100-lb .  Rail  for  the  Pennsylvania  Railroad.    Section   and  dimensions. 


R.  R.  Gaz.,  July  22,  1892,  pp.  5-^9.    Eng.  News,  July  21,  1892,  p.  56. 
.     Structure  of  Rail  Heads.    Abstract  of  a  lecture  by  Dr.  Wedding  before 


a  meeting  of  the  Verein  fur  Eisenbahnkunde  at  Berlin.  Microscopical  appear- 
ance of  rail  heads  rolled  with  varying  degrees  of  pressure  is  discussed.  R.  R. 
Gaz.,  March  11,  i8q2,  pp.  i88-9. 

.     The  Rail,  Spike  and  the  Locomotive.    Abstract  from   the  history  of  the 


Camden  and  Amboy  Railroad,  by  J.  Elfreth  Watkins  of  the  National  Museum, 
Washington,  D.  C.  Gives  history  of  the  invention  of  the  American  types.  Set. 
Am.  Sup.,  No.  832,  Dec.  12,  i89i,  pp.  13292-3.  Abstracts  concerning  general  his- 
tory, Eng.  News,  Dec.  12,  1891,  pp.  561-2. 

Railroad  Accidents.  An  analysis  and  discussion  of  the  statistics  of  the  Interstate 
Commerce  Commission.  Various  groups  of  the  U.  S.  are  compared  with  each 
other  and  with  Great  Britain  and  Germany.  Eng.  News,  Feb,  13.  20,  March  5, 
i892. 

.    A    Year  of  Railroad  Accidents.    Article  by  H.    G.  Prout,  reviewing 

the  most  important  accidents  of  the  year.  N.  Am.  Rev.,  Feb.  i892.  pp. 
196-20^. 

in  i8qz.    Tables   giving  annual  summary,  also  the  nature  and  causes  of 


accidents  for  i9  years.  Editorial  discussion.  R.  R.  Gaz.,  Jan.  29,  1892,  pp. 
8.3-4. 

Railroad  Construction.  Change  of  Gauge  on  the  Great  Western  Railway  andinthe 
United  Stales .  Account  of  the  above  work  with  notes  on  similar  work  in  the 
U.  S.    Eng.  News,  Aug.  2-,  i892,  pp.  173-4. 

.    Driving  the  Last  Spike  on  the  First  Pacific  Railroads.    Account  with 

cut  from  photograph,  of  this  great  event.  Scr ibner's  Mag-,  Aug.  i892.  Ab- 
stract. R.  R.  Gaz.,  July  29,  i892,  pp.  559-60. 

iniSoi.    Table    containing   detailed    statement.    Ry.Age,  Jan.  22,  1892, 

pp.  6.3-5.  Statistics  showing  mileage  of  track  laid  during  the  year,  with  map 
and  editorial  discussion.    Eng.  News,  Jan.  23,  1892,  pp.  82-3. 

in  the  States  East  of  Chicago.     Statistics  and  progress  map.   Eng.  News, 


April  9,  i892,  pp.  36i-3. 

Lowering  of  the  Belt  Railroad  at  Paris .    Account  of  the  work   of 


depressing  the    tracks    to    avoid    several    grade    crossings.    Illustrations    of 

various  works.    By Weill.    Annales  des  Ponts  et  Chaussees.    April,  i892,  pp. 

498-544. 

.    Notes  on  Railroad Localmti  and  Construction  in  the  Northwest.   Extracts 

from  a  paper  by  T.  S.  Russell  before  tlie  Eng.  Soc.  School  of  Prac.  Sci.,  of 
Toronto,  giving  an  example  of  survey  and  construction  through  easy  country. 
R.  R.  Gaz.,  July  15,  i892.  pp.  523-4. 

in  the  Southwest.    Interesting  description  of  some  rapid  track  laying  on 


the  Texas  &  Pacific  Ry.    Illus.    By  J.  S.Coleman.    Eng.  Mag.,  April,  1892, 
pp.  Si-95. 

.    Statistics  of   construction  in  the    Southern  States,  with  map.    Eng. 

News,  June  23,  1892. 
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Railroad  Construction.     Decline  in.     By  T.  L.  Greene.     Reviews  the  construction 

during  the  year  1891,  and  discusses  cause  of  decline.     Eng.  Mag-.,   Feb.  1892, 

pp.  575-8i. 
.    Statistics  showing  the  progress  and  prospects  of  railway  construction 

in  the  Noithwestern  States.    With  progress  map.    Eng.  News,  Aug.  4,  i892, 

pp.  io5-6. 
in  iSqi.    Table  of  statistics,  giving  name  of  road,  track  laid,  and  under 


contract.    R.  R.  Gaz.,  Jan  1,  1892,  pp.  5-7. 
.     Unloading  Earth  from  Cars .     See  Earth. 


Railroad  Crossings  at  Grade.  Report  of  an  investigation  into  the  subject  oi  the 
gradual  abolition  of  the  crossings  of  highways  by  railroads  at  grade,  by  A.  W. 
Locke,  Wm.  O  Webber  and  Geo.  A.  Kimball,  engineers,  to  the  Mass.  Legis- 
lature— House  No.  75,  Jan.  31,  1889. 

.    Railroad  Crossing  Problem  in  Bujfalo.    A  history  of  the  attempts  at 


solution  and  description  of  proposed  plan.    By   E.  B.  Guthrie.    R.  R.  Gaz., 
May  6,  i8q2,  pp.  328-9. 

.     The  Stewart  Ave.  Grade   Crossing  at  Chicago.    Daily    movement   of 


trains.    Eng.  News,  Sept.  22,  1892. 

.     See  Railroad  Terminals. 

.    Report  on  the  abolition  of  grade  crossings  in  the  city  of  Worcester,  by 

Charles  A.  Allen,  A.  W.  Locke  and  J.  W.  Ellis,  commissioners,  Feb.  1,  1892. 

Woodlaw?i  Junction  0/  the  New  Haveti  and  the  Harlem  Railroads .  Map 


of  junction  with  illustrations  and  description  of  the  extreme  skew  bridge  built 
for  an  overhead  crossover.    R.  R.  Gaz.,  June  3,  1892,  pp.  406-7. 

Railroad  Curves.  A  Perfect  Railway  Curve.  A  paper  by  Prof.  D  E.  Hughes,  be- 
fore the  Tech.  Soc.  Pac.  Coast,  giving  formulas  and  tables  for  a  curve  with 
uniformly  varying  curvature.     Reprint,  Ry.  Rev.,  June  11,  i892,  pp.  369-70. 

.    Easement  Curves.    A  discussion  of  the  cubic  parabola  and  method  of 

field  work.    By  C.  Frank  Allen .    R.  R.  Gaz.,  May  27, 1892,  p.  381. 

.     See  Turnouts. 

The  Transition   Curve  whose   Curvature  varies  directly  as  its  Le?igth 


from  the  P.  C,  or  Point  where  it  connects  with  the  Tangent.    An  exact  solution 

of  this  curve,  with  formulas,  etc.    By  Wm.  Cain.     Trans.  Am.  Soc.  C.  £.,  Vol. 

XXVI,  May,  1892,  pp.  473-83. 
Railroad  Earthwork.    Cost  of.  A  paper  by  J.  M.  Brown,  before  the  Iowa  Soc.  Engrs. 

and  Surveyors,  analyzingthe  cost  of  earthwork  handled  in  various  ways.   Eng. 

Rec,  Aug.  6,  i892,  p.  151. 

— .     See  Earth. 

Railroad  Information.     Contributions  to  Practical.    By   C.   B.   Dudley  and   F.  N. 

Pease.    Continued  from  previous  numbers.    R.  R.  &■  Eng.  four.,  May.  i892. 

Railroad  Legislation.  The  Need  for  Uniformity  in  Railway  Laws.  Table  with 
map,  showing  the  variation  in  the  powers  of  the  several  railroad  commissions. 
Editorial  discussion.    Eng.  ATews,  April  9,  1892,  pp.  353-6. 

Railroad  Litigation.  A  Brief  Sttmmary  of  the  Elevated  Railroad  Cases  in  New 
York.  An  article  by  J.  S.  Wood,  summarizing  the  varioub  damage  suits 
against  the  elevated  railways.    R.  R.  Gaz.,  Jans  15,  22,  i892,  pp.  40-1. 

Railroad  Location.  Improved  Methods  in.  By  T.  Graham  Gribble.  I.— Reconnais- 
sance. Gives  tables  and  rules  on  which  to  base  estimates  of  traffic,  also  de- 
scribes various  instruments  used  in  the  reconnaissance.  Ry.  Age.  Feb.  19,  1892, 
pp.  141-3.  II. — Tacheometry,  being  an  explanation  of  the  method;  ibid,  Feb. 
26,  i892,  pp.  163-4.    III.— Curve  ranging,  ibid,  March  4,  1892. 

,    Notes  in  the  Field.     By  Edward  Gillette.     Describes  field  work  of  rail- 


road location.    A  good  paper.    R.  R.  Gaz.,  Feb.  12,  i892,  pp.  119-20. 
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Railroad  Maintenance.  Eastern  Railroads  of  France.  Brief  description  of  the 
system  in  use,  abstracted  from  a  full  account  mAnnales  des  Travaux  Publics. 
R.  R.  Gaz.,  May  27,  i892,  p.  3g5. 

.    Economies  in  Maintenance  of  Way.      Paper  by  Benjamin   Reece  read 

before  the  N.  Y.  R.  R.  Club.     Discusses  many  features.      R.  R.    Gaz.,  March 

25,  i892,  pp.  220-7;  Abstract,  Ry .  Age,  April  .1,  i892,  p.  267.     Ry.  Rev.,  March 

26,  1892,  pp.  igi-3. 

.     Tie  Plates.    By  Benjamin  Reece.    An  article  discussing  the  good  fea- 


tures of  the  Servis  tie  plate.      R.  R.    Gaz.,  Feb.  i9,  1892,  pp.  131-2. 

Maintenance  of  Way .    By  M.J.  Mclnarna,  State  Inspector  of  Rail- 


roads in  Ohio.  Brief  paper  describing  best  methods  of  work.  Ry.  Age,  Apr. 
S,  15,  i8q2. 

Railroad  Operation.  Effect  of  Haul  on  Cost  of  Handling  Freight.  Table  and  graph- 
ical illustration  of  operating  expenses  on  i9  American  railways.  From  a  re- 
port of  Mr.  Oscar  Petri.    Eng.  News,  March  26,  1892,  p.  2q3. 

.    Facilities  for  the  Interchange  of  Traffic    Under  the  Interstate   Commerce 

Act-  By  Lawrence  Godkin.  A  discussion  of  the  relations  of  railroads  to  each 
other,  based  on  recent  decisions.    R.  R.  Gaz.,  Jan.  29,  iS92,  pp.  81,85-6. 

.     Graphical  Fast  Freight  System.    In  use  on  the  I.  C  R.  R.   Explana- 


tion. Ry.  Rev.,  April  2,  i892,  pp.  2i2-i3. 

in  Illinois.    Statistics  of  mileage,   consumption  and  cost  of  fuel  on  the 

various  roads  and  progress  in  the  use  of  automatic  couplers  and  brakes.  From 
report  of  R.  R.  Commission.    Eng.  News,  July  28,  1892,  p.  76. 

in  the  United  States  in,  i$qi.     Extracts  trom  Poors  Manual  giving  statis- 


tics of  operation  for  i89i  and  much  for  the  ten  years  previous.     R.  R.   Gaz., 

July  29,  1892,  pp.  556-8.    Eng.  News,  July  28,"iS92,  pp.  9i-2. 
.    Notes  on  British  Train  Speeds.     Articles  giving  a  resume  of  the  best 

work  done  on  some  of  the  important  railroads  of  Great  Britain.     R  R.  Gaz., 

Aug.  12,  i892,  p.  599,  et  seq. 
.    Power  Required  to  Haul  Suburban  Passenger    Trains.        Train  sheet 


and  diagrams  showing  power  required  on  the  111.  Central  R.  R.,  in  Chicago, 
with  discussion  on  the  adaptability  of  electric  motors  to  this  work.  R.  R.  Gaz., 
June  10,  i892,  pp.  430-1. 

Switching  by  Gravity  as  Applied  at  the  Station  Les  Aubrais,   France. 


By  M.  J.  D'Herbeline  in  Revue  Gent/ale  des  Chemins  De  Fer.     Gives  map  and 

profiles  of  tracks  in  yard,  describes  manner  ot  operation,   economy,   etc    Full 

abstract,  Ry.  Rev.,  Jan.  9,  ifc9i,  pp.  21-4. 
Railroad  Xack.     See  Cable  Railroads. 
Railroad  Rates.       A  Study  of  the  Zone  Tariffs.      A  review  of,  with  extracts  from  a 

treatise  on  railroad  rates  by  Franz  Ulrich,  Berlin.     R.  R.  Gaz.,  March  18,  i892, 

pp.  212-13. 
in  England.    Article  by  W.  M.  Acworth,  giving  abstracts  and  discussion 

of  the  new  schedules.    R.  R.  Gaz.,  Jan.  15,  1892,  pp.  39-40. 

— .    See  Economics. 

Zone  System  and  Massachusetts  Railway  Fares.    A  comparison  of  rates 


in  Hungary  and  Austria  with  those  in  Massachusetts.  Diagrams  and  discuss- 
ion. From  Report  Mass.  Ry.  Commission,  i892.  Eng.  News,  Maich  12,  i892. 
pp.  242-3.    Ry.  Rev.,  March  ig,  1892,  pp.  i78-g. 

Railroad  Shops.     New  Illinois  Central  Shops.      Detailed  description  with  plan  of 
these  extensive  shops  at  Chicago.    Ry.  Age,  July  8,  i892,  pp.  525-6. 

,  Northern  Pacific  R.  R.,  at  Tacoma.    Detailed  description  with  drawings 


of  the  Ireight  repair  shop,  machine  shop  and  boiler  room  and  the  electric  trans- 
fer tables.      Eng.  ATews,   Feb.  20,   1892,  pp.   170-1.      Description  of  electrical 
equipment,  R.  R.   Gaz.,  Feb.  12,  1892,  p.  11S. 
Shops  of  the  Southern  Pacific  R.  R.  at  Sacramento.      Notes  of  the  shops, 
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with  ground  plan  showing  relative  location  of  various  shops  and  buildings. 

Rail.  Mast.  Mech.,  March,  1892. 
Railroad  Signaling.    A  Great  Switch  and  Signal  Plant.      Plan  of  track  and  signal 

arrangement  with  detailed  description  and  explanation.     Eng.  News,  June  23, 

i892,  pp.  622-3. 
.      Block  Signaling  Apparatus  on  the   Chicago,   Milwaukee  &*  St.  Paul. 

Description  of  apparatus  operated  by  the  regular  station  operator.  R.  R.  Gaz., 

April  29,  1892,  p.  3o9. 
.    Block  System  on  the  Providence  and   Worcester  Railroad.     Interesting 


and  valuable  notes  as  to  the  workings  of  this  system  for  ten  years.  Eng.  News, 
Jan.  16,  i892,  pp.  54-5. 

.     Color  and  Form  for   Night  Signals.      A  discussion  of  the  question  of 

what  color  to  use,  and  the  relative  advantages  of  color  ana  form   signals.      By 
C.  A.  Hammond.    R.  R.  Gaz.,  May  i3,  1892,  p.  342. 

— .    Electric- Pneumatic  Interlocking  System  of  the  Chicago  6°  Northern  Pa- 


cific Railroad  Company.    Description  and  map  of  system  at  the  depot  yards, 

Chicago.    Ry.  Rev.,  Feb.  6,  1892,  p.  81. 
.    Illustrated  description  of  the  Hall  Block  Signals  to  be  used  on  87  miles 

of  the  C.  &  N.  W.  Ry.    Ry.  Rev.,  Feb.  6,  i892,  pp.  82-3. 
.    Interlocking  at  Stewart  Avenue,  Chicago.      Plan  of  tracks  and  signals, 


with  general  description  of  this  very  complicated  system.  R.  R.  Gaz.,  Jan.  29, 
ii'92,  pp.  74-5. 

— — -.  Mnzier's  Three-Position  Semaphore.  Illustrated  description  of  a  sem- 
aphore used  as  a  block  signal  very  extensively  on  the  Erie.  R.  R.  Gaz.,  Jan. 
2q,  1892,  p.  78. 

.    Railway  Safety  and  Danger  Signals.     An  article  by  James  H.   Hobart 

describing  the  various  classes  of  signals,  method  of  working,  etc.  Ry .  Rev., 
Dec.  12,  i89i,  pp.  7q8-9. 

.  Signal  Bridges  and  Towers  on  the  New  York  Central.  Detail  draw- 
ings.   R.  R.  Gaz.,  May  i3,  1892,  p.  345. 

— .     The  Application  of  Electricity  in  Block  Signaling.  Descriptive  articles, 

Illus.    Elec.  World,  Jan.  9,  and  23,  1892. 

•     The  Mozier  Block  Signaling  System.     Code  of  rules  under  which  the 

system  is  operated,  with  description  of  apparatus  as  used  on  the  Erie  R. 
R.    Ry.Rev.,  July  16,  1892,  pp.  456-7. 

•     The  Sykes  Block  Signal  System  Between    Yonkers  and  Oscawana,  New 


York  Central  &  Hudson  River  R.  R.  Description  of  system  with  plan  of  tracks, 
signals  and  towers,  for  this  21-mile  section.  Eng.  News,  Jan.  23,  iS92,  pp.  86-7. 
Sketch  of  line  showing  arrangement  of  signals,  R.  R.   Gaz.,]z.r\.  15, 1S92,  p.   36. 

.    See  Block  System  and  Interlocking  Machine. 


Railroad  Signals  and  Switches.  By  James  F.  Hobart.  I.— Track  Circuits-Battery 
Calculations.  An  explanation  of  the  principles.  Illus.  Ry.  Rev.,  Feb.  20, 
i892,  pp.  116-17. 

Railroad  Spike.       Greer.     Record  of  tests.    Eng.  News,  March  19,  iS92,  p.  267. 

Railroad  Station,  Duluth,  Minn.  Details  of  the  large  columns  for  supporting  the 
main  trusses.    Eng.  Rec,  April-9,  1892,  p.  3i6. 


,  Duluth,  Minn.,  Union  Depot.      Description  of  building,   general  plans, 

foundations,  masonry  and  other  details.    Illustrated.     Eng.  Rec,  Jan.  2,   iS92, 
pp.  72-3. 

.    Erection  of  the  Reading  Railroad  Terminal  Station  Roof  .    Illustrated 

description  of  methods  employed.    Eng.  Rec,  July  16,  1892,  el  sea. 

The  Chicago  Elevated  Terminal  Railway  Company's  Station.   Plan  and 


elevation  of  this  proposed  building.    Ry.  Rev.,  March  5, 1S92,  pp.  148-50. 
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Railroad  Station.     Illinois  Central  Train  Shed  at  Chicago.      Illustration  of  the  arch 
trusses.    Ry.  Age,  May  28,  i892,  pp.  336-7. 

The  New  Illinois  Central  Station  at  Twelfth  Street,  Chicago.   General  de- 


scription with  plans  and  elevation.  Short  description  of  method  used  to  over- 
come difficulties  of  foundations.  Piles  finally  adopted  extending  about  50  ft. 
below  city  datum.    R.  R.  Gaz.,  Oct.  14,  i892,  pp.  758-759. 

Train  Shed/or  the  New  Union  Passenger  Station,  St.  Louis,  Mo.  Strain 


sheet  and  details  of  truses  and  details  of  concrete  and  "pile  foundations  for 
piers.  Folding  inset.  Eng.  News,  April  21,  i892,  p.  394.  Inset  of  details  of 
wind  bracing,  tbid,  April  28,  1892. 

.     Trainshedfor  the  New  Union  Passenger  Station,   St.  Louis,  Mo.     Gen- 


eral description  with  illustrations  of  this  enormous  building.  It  is  601  ft.  wide 
and  7C0  ft.  long.  Each  transverse  truss  is  made  up  of  5  spans  of  trusses  of  the 
Pegram  type  the  upper  chords  of  which  form  an  unbroken  curve.  Eng.  News, 
Aprils,  iS92,  pp.  322-3. 

Railroad  Statistics.  Baltimore  &>  Ohio  History.  An  article  containing  a  repro- 
duction of  a  printed  sheet  of  locomotive  returns  issued  by  the  B.  &  O.  Co.,  in 
1850.    R.  R.  6->  Eng.  Jour.,  May,  1892. 

.  Interstate  Commerce  Commissioner  s  Statistical  Report.  Extracts  re- 
garding mileage,  equipment,  capitalization,  traffic,  accidents,  and  couplers 
and  brakes.  i3  tables.  Eng.  ATews,  Jan.  16,  23,  i892.  Brief  discussion  in  R.  R. 
Gas.,  Jan.  15,  1892,  pp.  42-3. 

Railroad  Structures.  The  Burnett  &  Clifton  Automatic  Coal  Chute.  Description 
witli  detail  drawings  of  this  efficient  chute.    Eng.  News,  Dec.  26,  i89i,  p.  6o4. 

.  Coaling  Station  at  Port  Richmond,  Philadelphia  &"  Reading  R.  R.  Il- 
lustrated description  of  a  continuous  conveying  plant.  R.  R.  Gaz.,  May  i3, 
i892.  pp.  448-9. 

.     Coaling  Station  and  Sand  House,  of  the  Pennsylvania  Co.   Detailed  de- 


scription and  drawings.    Ry.  Rev.,  May  21,  i892,  pp.  324-5. 
.     Coaling  Stations  for  Locomotives.   A  discussion  of  the  various  methods 

in  use.    By  Walter  G.  Berg.  R.  R.  Gaz.,  Feb.  5,  1892,  pp.  94-6,  etseg. 
.    Engine  Houses.    By  W.  G.    Berg.      Discusses  advantages  of  various 


forms  and  describes  best  methods  of  construction.  Illus.  R.  R.  Gaz.,  March 
11.  1S,  1892,  pp.  i87-8. 

.  Standard  Buildings  on  the  Macon  &'  Birmingham  R.  R.  Draw- 
ings of  standard  station  and  section  buildings.  Eng.  News,  May  26,  i892,  p. 
531,  with  inset. 

.     Standard  Turntables  of  the  Passaic  Rolling  Mill  Co.    A  center  bearing 


plate-girder  turn  table.    Illustrated  description.     R.  R.  Gaz.,  Feb.   5,  iS92,  p. 

101. 
Railroad  Surveying.     See  Railroad  Location. 
Railroad  Terminals.    Hudson  River  Tunnel  Railroad  Terminal.  Description  of  the 

N.  Y.  Terminals  proposed  by  C  W.  Bucholz.      R.  R.  Gaz.,  Aug.  12,  i892,  pp. 

592-.:. 
At  the  Columbian  Exposition .    Short  description  with  plan.    Eng.  News, 

Oct.  i3.  i892,  p.  340 
■ .     Proposed  A  e-arrangement  0/  Terminals  of  New    York   a?id  Brooklyn 

Bridge  in  New  York  and  Brooklyn,  also  connections  for  New  Yorkand  Brook- 
lyn Elevated  R.  R.    Eng.  Rec,  Sept.  24,  i892,  pp.  263-5. 
.     The  New  York  &*  New  Jersey  Bridge  Co.     Giving  location  of  route, 

and  plans  of  stations  and  terminals.    Inset  sheet.     R.R.  Gaz.,  Sept.   23,  i892, 

p.  7o3. 
.    Hydraulic  Power  for  Handling  Cars.      Report  of  G.  H.   Reynolds  on 

the  methods  of  using  hydraulic  power  at  R.  R.  Terminals  and  docks  in   Eng- 


INDEX— ANNUAL  SUMMARY.  669 

land,  France  and  Scotland.    Arrangement  and  power  of  machinery.  Economy 
of  the  method.    R.  R.  Gaz.,  Nov.  25,  1892,  p.  876. 

.    See  Chicago  Railway  Problem. 

The  Chicago  Grade  Crossing  Question.     Report  of  Commission  on  this 


question  discussing  the  various  methods  of  disposing  of  the  tracks-  Eng.  News, 
July  21,  i892,  pp.  54-6. 

The  Transportation  Problem  in  Chicago.     A  series  of  articles  by  T.  G. 


Gribble  discussing  this  problem  at  length.    Includes  railroad  terminals,  har- 
bors and  docks  and  transfer  business.    Ry.  Age,  July  15,  i892,  et  sea. 

Terminal  Station  for  the  Chicago  Elevated   Terminal  Railway.      Gen- 


eral description  with  plans  and  elevation.  Eng.  News,  May  5,  i892,  pp.  462-3. 

Rail  Tests.    See  Testing. 

Railroad  Ties.  Schoen  Pressed  Steel  Tie  used  on  the  N.  Y.  C.  &  H.  R.  R.  R.  R.  R. 
Gaz.,  July  22,  i892,  p.  5^9. 

.  A  brief  article  by  H.  D.  Mason  of  the  Allegheny  Valley  R.  R.,  discuss- 
ing this  subject  as  to  the  life  of  ties  of  various  wood,  cost,  etc.,  as  regards 
Western  Pennsylvania.    R.  R.  Gaz.,  Dec.  18,  1891,  pp.  895-6. 

.    Hartford  Steel  Ties  and  joo-lb.  Rails;  New  York  Central  Railroad.  The 

ties  are  of  pressed  steel.  Illustrated  description.  Eng.  News,  March  12,  1892, 
pp.  254-5.    Section  of  rail,  illus.,  ibid-,  March  i9,  i892,  p.  283. 

.    Manufacture  of  Tra?isverse  Steel  Sleepers  of  the  Inseparable   Clip  Type 

for  Permanent  Way.  Description  of  the  methods  of  manufacture  of  the  vari- 
ous sleepers  now  in  use.  By  H.  K.  Bamber  before  the  Inst.  C.  E.  Ry.  Rev., 
July  9,  i892.  p.  441.    R.  R.  Gaz.,  July  22,  1892,  pp.  541-3. 

Railroad  Track.    Longitudinals  vs.  Cross-Ties  for  Railway  Tracks.     A  paper  by  E. 

E.  R.  Tratman  discussing  especially  timber  longitudinals.    He  concludes  such 

a  system  is  more  expensive  but  gives  a  smoother  track  than  cross-ties.     Trans. 

A.  S.  C.    £.,  Vol.  XXV.,  Dec,  i89i,  paper  No.  514,  pp.  6i5-24. 
•      Standard  cross-section  of  roadbed,  and  of  floor  and  approach  of 

bridges  and  trestles.    N.  Y.,  N.  H.  &  H.  R.  R.    R.  R.  Gaz.,  Jan.  1,  1S92,  p.  4. 

•    See  Rail  Joints. 

Railroad  Yards.  Altoona  Yard,  Pennsylvania  Railroad.  Plan  of  yard  with  descrip- 
tion.   R.  R.  Gaz.,  July  29,  i892,  pp.  556-7. 

•    Freight  Yards.      By  A.  Morrison.    Gives  the  requisites  of    a  freight 

yard  and  describes  the  yard  of  the  L.  V.  R.  R..  at    Packerton.      Illus.  R.  R. 

Gaz.,  May  20,  i892,  pp.  162-3.  A  discussion  of  Mr.  Morrison's  article.  By  T 
Appleton.    R.  R.  Gaz.,  June  10,  i892,  pp.  425-6. 

.    Pennsylvania  Yard  at  Columbus,  O.     Plan  and  description  of  this  yard 

designed  with  especial  reference  to  economize  room.     R.  R.   Gaz.,  March  25, 

l892,  p.  223. 

•  Some  Ftmdamental  Notions  about  Yards.  A  discussion  of  the  princi- 
ples of  laying  out  and  operating.  By 'A  Superintendent."  R.  R.  Gaz.,  March 
25,  1892,  pp.  223-4. 

Railroads.  American  Rail  and  Track.  The  Development  of  American  Rail  and 
Track,  as  illustrated  by  the  collection  in.  the  U.  S.  National  Museum.  Lon. 
Eng.,  Oct.  i4,  i892,  et  sea. 

•  Availability  of  the  Cations  of  the  Colorado  River  of  the  West  for  Rail- 
way Purposes.  By  Robert  P.  Stanton.  A  paper  describing  the  preparations, 
outfit  and  methods  employed  in  the  survey  of  the  Colorado  Canon,  and  giving 
the  results  obtained.  Illus.  Trans.  A.  S.  C.  £.,  Vol.  XXVI. ,  Apr.,  i892, 
pp.  283-322. 

.    Baltimore  and  Ohio.     See  Address. 

.    Baltimore  Belt.     General  description  of  the  route,  and  of  the  various 

tunnel  shafts;  with  full  detail  drawings  of  same,  including  hoisting  plant,   etc. 
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Eng.  News,  Dec.  12,  i89r.    Detailed  description  of  Howard  St.   tunnel  with 
inset  showing  methods  of  tunneling,  id.,  Dec.  ig,  1891,  pp.  585-7. 

.    Block  System,  Unif 01-771  Rules  for  Working'  of .      See  Block  System. 


— .     Car  Heating  By  Steam  and  Hot    Water.      Description  of  the  direct 

method  of  radiation  from  steam  pipes  and  the  indirect  method  of  hot  water 
pipes.  Details  of  direct  method  used  on  the  Lake  Shore  R.  R.  E.  &°  M. 
Jour.,  Oct.  1,  1892,  p.  319. 

.     Chemistry  applied  to  Railroads.      By  C.  B.   Dudley  and  F.   N.    Pease, 

giving  results  and  methods  of  chemical  analyses  as  made  in  the  laboratory  of 
the  Pennsylvania  R.  R.    R.  R.  &*  Eng.  your  ,  Sept.,  1892,  et  sea. 

.     Chicago  &>  South  Side  Rapid  Transit  Railroad-     Description  of  the 

equipment  of  the  Alley  Elevated  Road  Chicago.  Details  and  dimensions  of  its 
compound  locomotives.  R.  R.  Gaz.,  Oct.  28,  i892,  p.  797.  Eng  News,  Jan.  16, 
1892,  pp.  57-8. 

■     Contributions  to  Practical  Railroad  Information.   By  C.  B.  Dudley  and 

F.  N.  Pease.  One  of  a  series  of  articles  giving  valuable  data  as  to  specifica- 
tions and  tests.    R.  R.  6*  Eng.  Jour.,  April,  i892. 

.     Curve  Resistance.    Tabular  results  of  a  series  of  experiments  to  deter- 


mine resistance  of  curvature  for  different  radii  and  speeds.     Resistances  calcu- 
lated from  deflection  of  pendulum.    Practical  conclusions  drawn  from  data- 
R.  R.  Gaz.,  Oct.  7,  1892,  p  74-1. 

.    Early  Railways  between  New  England  and  Canada.    Description   of 

growth  and  development  of  railways  in  Maine  and  Canada.    Abstracted  from 
a  book  by  Laura  E.  Poor.    Eng.  News,  Aug.  4,  1892,  pp.  102-3. 

,  Elevated.     Chicago  &>  South  Side  Rapid  Transit  Co.,  Chicago,  III.     De- 


tailed description  of  this  road,  with  inset  giving  plan  and  elevations  of  station 
and  of  the  iron  superstructure.  Section  of  rail  given.  Eng,  News,  Jan.  16, 
i892,  pp.  5r-8.    R.  R.  Gaz..  Oct.  28,  1892,  p.  797- 

,  Elevated,  Liverpool,  Eng.    Detailed  description  of  this  work.  Illus.  Lon. 


Eng;  Dec.  iS,  i89i,  etsea. 

,  Elevated.     The  Day  System  of  Elevated  Railway  Construction .    Consists 

of  a  system  of*  suspension  bridges  having  inverted  lower  cables  to  aid  in  stiffen- 
ing. Illustrated  description  by  T.  G.  Gribble.  Eng.  ATeius,  Dec.  12,  i89i,  p. 
561. 

.  Tree  Railway  Construction  vs.  Government  Controlled  and  Owned  Rail- 
ways. A  paper  by  E.  Bates  Dorsey  comparing  American  roads  with  roads  of 
other  countries  as  regards  rates,  etc.  Concludes  that  free  construction  is  to 
be  desired.  Trans.  A.S.  C  E„  Vol.  XXV.,  Dec  1891,  paper  No.  515,  pp. 
628-34. 

.    Frog.    The  Vaughan  spring  rail  frog.     Short  description  with  details. 


Has  given  good  satisfaction  on   Pennsylvania  Railroad.      R.  R.  Gaz.,  Oct.  7, 
i89>,  p.  742. 

.    High  Speed  of .    Abstract  of  paper  by  C.  A.  Mc  Alpine  discussing  the 

feasability  of  high  speeds,  and  the  conditions  required  of  brakes  and  other 
appliances  for  such  speeds.    Eng.  News,  Nov.  17,  i892,  pp.  464-5. 


,  High  Speedon.    Editorial  discussing  the  question  of  train  resistance  and 

locomotive  power.  Cites  experiments  to  show  that  train  resistance  at  high 
speeds  is  much  less  than  is  usually  supposed.  R.  R.  Gaz.,  March  iS,  i892,  pp. 
210-11. 

.  Inclined.    See  Cable  Railroad. 


.    Intcroccanic  Railway   in   Central  America.      General  description  of 

country,  advantages  and  disadvantages  of  several  routes  proposed.  Lon.  Eng., 
Sept.  16.  18  2. 
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Railroads.  Kinsman  Block  System.  Used  as  an  emergency  brake  in  connection 
with  signals  which  the  engineer  may  fail  to  observe.  Brake  worked  automati- 
cally by  means  of  an  electromagnet.  Details  and  description.  Ry.  Rev.-,  Oct. 
i,  1892,  p.  6i3. 

.    Locomotive  Driving-  Wheel  Tires,  Wear  of  .    Graphical  representation 

of  actual  wear,  location  and  extent  of  flat  spots  of  locomotive  driving  wheels  of 
different  diameter  and  under  different  kinds  of  service.  Also  shows  resulting 
wear  due  to  overbalance.    R.  R.  Gaz.,  Oct.  21,  1892,  pp.  784-5. 

.    Mason  Air  Signal.    Applied  to  passenger  trains  for  signals  between 


engineer  and  conductor.  In  use  on  Chicago  Milwaukee  &  St.  Paul  R.  R.  De- 
tails and  description.    Ry.  Rev.,  Oct.  8,  i892,  pp.  632-3. 

.    Movable  Sidewalk  Railway.     Description  with  illustration   and   detsil 

drawings.    Eng.  News,  Feb.  2,  1892,  pp.  206-7. 

.    New  Lock  and  Block  Signalling  System  at  Waterloo  Station,  Eng.      Il- 


lustrated description  of  the  working  of.    Lon.  Eng..  Oct.  28,  1892,  pp.  537-54o. 
.     Otis  Inclined Raihuay .    See  Cable  Railway. 


.    Passenger  Car  for  Exposition  Traffic,  Illinois  Central  R .  R.   Designed 

for  temporary  suburban  traffic.  Eight  doorways  on  each  side  provided  with 
curtains.    Full  details  and  description.    Eng.  News,  Nov.  17,  il9t,  pp.  462-64. 

.    Proposed  Belt  Line  of  the  Chicago  Union  Transfer  Ry.  Co.,  Giving  esti- 


mate of  cost  and  revenues.     Eng.   News,  Sept.  8,   i892,    R.R.    Gaz..   Sept.  9, 
1892. 
.    Relation  betiveen  Railroads  and  Walerzvays  in  the  U.  S.     Report  by  E. 


P.  North  to  the  Fifth  International  Congress  at  Paris  on   Inland  Navigation. 

Eng.  Rec,  Aug.  27,  1892,  pp.  195-6. 

.    Safety  Appliances.    See  hiterlocking  Machine  and  Block  System. 

.    Safety  Appliavce  at  Drawbridge.    See  Drawbridge. 

.    Sliding.    Illustrated  description  and  full  details  of  the  Barre  Sliding 


Railway  for  the  World's  Fair.    St.  Ry.  Rev.,  Nov.,  i892. 

.    See  Transportation. 

.  Standard  Freight  Car  Truck  of  III.  Central  R.  R-  Details  and  specifi- 
cations.   Ry.Age,  Oct.  14,  1892. 

.  State  Management  and  inspection  of  Railways  in  the  Argentine  Repub- 
lic. Comparison  of  results  of  State  and  private  ownership.  Eng.  News,  Sept. 
8,  1892. 

.    Statistics  of,  in  Canada  and  U.  S.  with  comparison  for  year  1891.    Eng. 

News,  Sept.  1,  1892,  p.  195. 

.     The  Hunt  Industrial  Railways.      An  illustrated  description   of  track, 

rolling  stock,  electric  locomotives,  etc.    Eng.  News,  June  16,  i892,  pp.  600-1. 

.  The  Intercontinental  Railroad  Problem.  By  Courtenay  DeKalb.  A  dis- 
cussion of  the  prospects  for  such  a  road  based  on  the  state  of  existing  route  in 
South  America.    Forum,  March,  i892,  pp.  85-94. 


.     The  Proposed  Interconti?iental  Railway .     A  general  description  of  the 

proposed  line,  with  map.    Eng.   News,  Feb.  i3,  1892,  p.  i5o. 
.     The  Otis  Cable  Elevating  Railroad .      Detailed  description  of  this  in- 


clined railway  ior  passenger  traffic.  Length,  7,000  ft.  maximum  grade,  34  per 
cent.  R.  R.  Gaz.,  Aug.  12,  26.  1892.  Description  with  details  of  trestles  and 
floor  system.    Eng.  News,  Aug.  18,  i892,  pp.  162-5. 

.  Thatcher  Compressed  Air  Dump  Car.  In  practical  operation.  Illus- 
trated description  and  details.    R.  R-  Gas.,  Nov.  11,  1892,  pp.  S40. 

.     The  Railway  of  the  Future.    Article  by  Oberlin  Smith  arguing  in  favor 

of  the  electric  motive  power  for  the  future  high  speed  railway.  Eng.  Mag., 
1892,  pp.    673-82. 

.     Track  Water  Tanks  for  Locomotives .     Details  oi  construction,  method 
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of  operation  and  cost,  used  on  Baltimore  and  Ohio   RR.     Ry.  Age.   Oct.  28. 
iS92.     Ry.  Rev.,  Oct.  2g,  1892. 

•  Traction  on  Heavy  Grades.  Device  by  H.  Van  Zile  for  securing  a  trac- 
tive force  independent  of  weight  of  motor  car,  by  means  of  a  center  friction 
rail  and  horizontal  drivers;  applicable  on  electric  railways.  Ens:  News,  Sept. 
8,  i892. 

•  Tram  Dispatching:  A  good  graphic  method  of  recording  movements 
of  trains.    Ry.  Age,  Sept.  q,  i892,  p.  7i5. 

•  Transadine.  Statement  of  progress  with  map  tunnel  section  and  pro- 
gress plan.     Eng.  News,  Feb.  i3,  i892,  pp.  144-5. 

•  Underground  at  Glasgow,  Scotland.  Giving  details  with  dimensions. 
R.  R.  &■  Eng.  Jour.,  Sept.,  1892,  p.  405. 

Underground.     The  Glasgow  Ce?itral  Railway.    General  desciiption  of 


methods  of  construction.    Eng.  Rec,  July  16,  i892,  pp.  109-10. 


•  Water  Tank.  Details  and  description  of  a  modern  design.  Construc- 
ted of  timber,  elevated  20  feet.    Ry.  Rev.,  Nov.  ig,  i892,  p.  724. 

•  Wheel  Record.  Qualities  of  car  wheels.  Relation  of  the  character  of 
their  service  to  mileage.  Importance  of  keeping  records.  Jour.  Assn.  Eng. 
Soc,  Aug.  1892,  pp.  404-415.    Abstract  in  R.  R.  Gaz.,  Oct.  i4,  i892,  pp.  767-8. 

Rainfall.  Flow  0/  Streams  and  Storage,  in  Massasschusetts.  Valuable  paper  by  D. 
Fitzgerald,  before  A.  S.  C.  E.,  giving  valuable  data,  on  mean  monthly  rainfall, 
ordinary  flow  of  streams,  percentages  of  rainlall  reaching  river,  storage  capa- 
city  required  for  certain  drafts,  etc.     Trans.  A.  S.  C.  £.,  Vol.    XXVII,  pp. 

253-301. 

.    Flow  of  Streams  and  Storage.    Mean  monthly  yields  and  evaporation 

of  typical  New  England  watershed.  Storage  capacity  required  to  sustain 
drafts  of  100,000  and  9oo,ooo  gallons  daily  from  one  square  mile  of  watershed 
containing  various  percentages  of  water  surface.  Eng.  News,  Oct.  20.  i892, 
pp.  366-368 . 

•  Observations  at  Philadelphia  to  determine  new  sources  of  water  supply. 
Average  monthly  rainfall  for  eight  years  and  percentages  reaching  streams. 
Description  of  gauge  used.    Eng.  Rec,  Nov.  5,  1892,  pp.  360-361. 

-.    Rates  0/  Maximum  Rainfall.    Abstract  of  a  paper  by  Prof.   A.   N. 

Talbot  in  the  Technograph.  Gives  statistics  of  rainfall  by  means  of  diagram 
for  various  sections  of  the  U.  S.,  and  deductions  as  to  flow  of  storm  water 
sewers.    Eng.  News,  July  21,  i892,  pp.  67-8. 

.     Rates  0/ Maximum  Rain/all.    Paper  by  Prof.  A.  N.  Talbot,  discussing 

some  of  the  results  given  in  the  report  of  the  weather  bureau.  Diagrams  of 
plotted  maxima,  with  formulas.  Technograph  (Uni.  of  111.  Annual),  1891-2,  pp. 
103-17. 

■     Relation  of  Watershed,  Rainfall  and  Discharge  Measurements  in  the 

Potomac  River  Basin.    See  Hydrography. 
See  Water  Supply. 


.     Variation  of  Average  Annual  Rain/all.     Paper  of  Alexander  Binnie 

before  Inst.  C.  E-,  giving  tabulated  results  of  observations  at  153  stations  in  the 
principal  countries  of  the  world,  and  extending  through  3o  70  years.  Gives 
valuable  data  from  which  to  make  estimates  of  probable  amount  of  rainfall, 
duration  of  drought,  etc.    Proc.  Inst.  C.  £.,  Vol.  CIX..  pp.  89172. 

Rain  Gauge  Used  at  Philadelphia/or  Rabi/all  Afeasure?nents.  Tabulated  results  of 
observations  to  determine  effect  of  different  elevations  on  reading  of  gauge  . 
Eng.  Rec,  Nov.  5,  1892,  pp.  36o-3oi. 

Rain-Making.  The  Facts  about  Rain-Making.  By  G.  E.  Curtis,  meteorologist  to 
the  recent  expedition.  Gives  the  facts  of  the  case,  which  indicate  total  failure 
of  the  experiments.    Eng.  Mag.  July,  i692,  pp.  54o -51. 
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Rapid  Transit,  Boston.  Report  of  Board  of  Engineers,  recommending  a  general 
system  of  lines.    Map  given.    R.R.  Gaz.,  April  8,  i892,  pp.  z6o-i. 

.     Chicago  and  South  Side  Rapid  Transit  Railroad.    See  Railroads. 

.    Reno  System  for  New   York.    Description  of  this  two-storied  tunnel 

system,  with  advantages.    By  J.  W.  Reno.    Illus.    Eng.  News,  April  2,  1892, 

PP.  320-1. 

-.    Report  of  John  E.  Fitzgerald  to  the  Rapid  Transit   Commissioners  of 


Mass.,  Boston,  iSgi.  The  report  is  the  result  of  personal  investigation  of  the 
systems  of  Great  Britain  and  the  Continent.  It  describes  these  systems  and 
draws  conclusions.  An  appendix  contains  a  detailed  description  of  the  Berlin 
City  Railway- 

.  Report  of  the  Rapid  Transit  Commission  to  the  Massachusetts  Legisla- 
ture, April 5,  i8Q2.  A  valuable  and  comprehensive  report  on  rapid  transit  for 
Boston.  Treats  many  of  the  problems  of  rapid  transit  in  general.  Many 
maps,  drawings  of  elevated  structures,  etc.  George  S.  Rice,  Chief 
Engineer. 

.    See  Chicago  Railway  Problem. 

.    Some  Lessons  in.    Article  by  Louis  Heilprin,  drawing  conclusions  as  to 


the  enormous  public  traffic  in  New  York  City  in  a  few  years  hence,  based  on 
the  traffic  of  the  elevated  roads,    Eng.  Mag.,  July,  1S02,  pp.  437-54. 

Specifications  for  the  New    York   City  Rapid   Transit  R  R.,  Under- 


ground Electric  System.  Conditions  required  in  the  letting  of  the  franchise  to 
railroad  company.  Outlines  of  location  and  methods  of  operation.  Eng. 
News,  Nov.  Z4,  1891  ,  pp.  499-500;  Eng.  Record,  Nov-  26,  1892,  pp.  411-415. 

Speed.    By  Theodore  Cooper,  C.  E.     Discusses  the  relation  of  average 


speed  to  frequency  of  stops,  giving  a  diagram  clearly  illustrating  this  point. 
R.  R.  Gaz.,  July  29,  iSq2,  p.  56o. 

Reclamation  of  the  Zuyder  Zee,  Holland.  Description  of  dam  and  flood-gate,  with 
estimate  of  cost,  etc.    Eng.  News,  Sept.  i5,  i892- 

.    See  Drainage. 

Refrigerating  Apparatus.  A  sample  and  efficient  portable  machine.  Detailed  de- 
scription.   Eng.  News,  Jan.  9,  1892,  p.  3r. 

Refrigerating  Machinery.  Commercial  Value  of  the  Dry  Air  and  Ammonia  Pro- 
cesses of '* Refrigerating  Machinery.  Historical  development  and  modern 
methods  of  designing.    E?ig.  Rec,  Oct.  1,  1892,  pp.  283-84,  et  sea. 

Refrigerating  Machines.  A  Trial  of  a  Refrigerating  Machine  on  the  Linde  System. 
A  paper  by  T.  B.  Lightfoot,  describing  a  testing  station  for  such  machines  and 
the  results  of  a  test  on  a  12-ton  machine.  Trans.  Soc.  Engrs.,  i8gr,  pp. 
39-6o. 

— .  Summary  of  Results  of  Principal  Experimental  Measurements  of  Per- 
formance of  Refi'igeratiag  Machines.  Abstract  of  a  paper  by  Profs.  Denton 
and  Jacobus  before  the  Am.  Soc.  M.  E..  giving  the  efficiencies  of  the  various 
types  of  machines.    Eng.  News,  July  7.  i892,  pp.  18-20. 

Refrigerating  and  Ice-making  Plant.  Illustrated  description  of  a  large  plant.  Lon. 
Eng  ,  Dec.  4,  1891,  pp.  651-3. 

Refrigerators.     See  Ice. 

Refuse  Cremator.  Description  of .  Historical  review  and  illustrated  description  of 
a  few  of  the  most  modern  refuse  cremators.  Cost  of  operation.  Valuable 
points  for  designing.    Eng.  Rec,  Oct.  8,  15,  22  and  Nov.  19,  1892. 

Refuse  Destructor.     See  Sewage  Precipitation  at  Southampton,  England. 

Refuse.  Disposal  of.  Short  discussion  of  methods  of  disposal  by  putrefaction, 
utilization,  including  sorting  and  manure  manufacture,  and  sending  to  sea  by 
means  of  currents  or  barges.    Eng.  News,  Oct.  6,  i!-'g2.  pp.  319-320. 

■ .    Disposal  of .    Abstract  of  a  paper  by  G.Watson,  before  the   British 

Assn.  Description  of  various  forms  of  destructors  and  valuable  suggestions 
for  designing.    Illus.    Lon.  Eng  ,  Sept.  3o.  1892,  pp.  431-3. 
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Reservoir.  Covered  Water-Works  Reservoir,  Franklin,  N.  H.  Detailed  description 
with  drawings.    Eng.  News,  May  12.  1892,  pp.  486-8. 

.     Underground.    Repairing  cracks  in  a  broken  underground  reservoir 

wall,  with  arched  roof  and  side  retaining  wall.  Buttresses  on  outside  to  pre- 
vent further  settlement,  and  thin  cement  wall  on  interior  to  stop  cracks.  Eng. 
Rec,  Oct.  1,  1892,  i>.  280. 

.     Wheeling,  W.  Virginia.    New    Water-Works  Reservoir .     Illustrated 


description,    Eng.  News,  March  12,  i892,  p.  257. 

Reservoir  Dams.  Failure  of  Earth  arid  Masonry  Darns  from  Frost  and  Ice.  Illus- 
trated examples  taken  from  actual  construction.  12th  Annual  Meeting  Amer- 
ican W.  W.  Assn,  18Q2,  pp.  56-61.    Peter  Milne,  secretary,  New  York  City. 

Retaining  Walls.  Design  of.  Valuable  paper  by  Kenneth  Allen,  on  the  practical 
design  of  retaining  walls,  sea  walls  and  dock  walls.  Illustrated  description  of 
actual  designs.    Eng.  Rec,  Oct.  29,  Nov.  5, 12,  i9,  1S92. 

.    Failure  of  Old  Montreal  Revetment  Walls.    Account  of  this  interesting 

case  of  failure.  By  W.  T.  Sproule,  in  a  pap<?r  before  the  Canadian  Soc.  C.  E. 
Illus.  Abstract,  Eng.  News,  Feb.  6,  1892,  p.  i3.j.  R.  R.  Gaz.,  Nov.  18,  i892, 
p.  861. 

River.    Flood  Discharges  from  Small  Water  Sheds.    See  Flood  Discharges. 

.    Hydrography  of  the  Potomac  River  Basin.    See  Hydrography. 

River  Discharges.  Discharge  Observations  of  Large  Streams.  By  George  S. 
Davison,  before  the  Engrs.  Soc.  West.  Pa.  A  discussion  of  methods.  Proc. 
Eng.  Soc.  West.  Pa.,  1892,  p.  16.    Abst.  in  Eng.  Rec,  May  7,  i892.  pp.  377-8. 

.     Results  of  Stream  Measurements  of  the  United  Stales  Geological  Survey. 

A  paper  by  F.  H.  Newell,  giving  the  results  of  field  work  carried  out  in  the 
arid  regions  of  the  U.  S.  Curves  of  discharge  for  the  various  streams  are 
given,  covering  two  or  three  years.     Trans.  A.  1.  M.  £.,  1891,  p.  28. 

River  Hydraulics.     The  Durance.    An  elaborate  paper  treating  of  the  causes  of  the  , 
recent  disastrous  floods  of  this  river,  and  discussing  methods  of  prevention 
and  prediction.    Maps,  profiles,  diagrams  of  maximum  rainfall,  etc.    By  E. 
Imbeaux.    Annates  des  Potrts  ct  Chaussees,  Jan.  1892,  pp.  5-2oo. 

River  Improvement  at  Portland,  Oregon .  By  G.  W.  Freeman.  A  histoiy  of  the 
work,  with  description  of  the  various  features.  Illus.  Eng.  Mag.,  Aug.  i892, 
pp.  661-72. 

— .    Impending  Disaster  on  the  Mississippi  River.    A  paper  by  a  ''Southern 

Engineer,"  discussing  the  dangers  to  be  feared  from  the  levee  system,  and  ad- 
vocating the  cutting  of  additional  channels  on  the  lower  river.  Eng.  Mag., 
June,  1892,  pp.  387-93. 

.    Improvement  of  River  Mouths.    A  paper  by  E.  L.  Corthell,  before  the 

International  Congress  on  Inland  Navigation,  held  at  Paris,  describing  various 
jetties,  and  demonstrating  their  efficiency  from  various  actual  works.  Eng. 
Record,  Aug.  27,  1892,  pp.  i99-200,  el  sea. 

.    Mississippi.    The  Mississippi  River  problem  up  to  date.    Methods  and 

conditions  of  the  transportation  of  sediment.  Feasibility  and  probable  effect 
of  all  the  proposed  methods  of  improvement.  Article  by  William  Starling, 
Chief  Eng.  Miss-  Levee  District.    Eng.  Mag.,  Nov.  1892,  pp.  247-259. 

Mississippi  River.    Article  by  C.  N.  Dutton,  advocating  a  single  nar- 


row mouth.  Also  article  by  H.  St.  L.  Coppee,  regarding  the  effect  of  levees 
on  height  of  the  river  bed.  Cites  the  Po  and  Yellow  rivers  as  not  being  raised 
thus,  contrary  to  common  belief.    Eng.  Mag.,  Aug.  1892,  pp.  627-32. 

on  the  Danube.    Maps  and  brief  description  of  the  plans  ot  improvement 

at  the  various  obstacles.    Eng.  News,  April  2,  r892,  pp.  334-5. 

Removing  the  Rocks  at  the  Iron  Gates  of  the  River  Danube.    Illustrated 


account   of    methods   used    in    drilling.    Set.  Am.  Sup.,   June  n,   i892,  pp. 
13711-12. 
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River  Improvement.  Report  on  Floods  in  the  Susquehanna  River.  Summary  of 
report  of  C.  W.  Raymond,  Corps  of  Engrs.,  regarding  improvement  for  na- 
vigation and  means  of  preventing  floods.    Eng.  Record,  Jan.  23, 1892,  pp.  128-9. 

.    See  Backwater- 

•     The  Ta?npico  Jetties,  Mexico.     Paper  by  E.   L.  Corthell,  before  Fifth 

International  Congress  of  Inland  Navigation  at  Paris.  Description  and  com- 
mercial results.    Eng.  Record,  Sept  3,  i892,  p.  217- 

River  Navigation.  Experimental  Researches  to  determine  the  power  necessary  for 
the  movement  of  vessels.  Deductions  as  to  the  proper  forms  for  river  vessels. 
Illustrated  description  of  apparatus  used.    Sci.  Am.  Sup.,  Sept.  24,  j892. 

River  Work.  A  New  Method  of  Shore  Protection.  This  system  used  at  Sioux  City, 
la.,  consists  in  anchoring  willow  mattresses  to  the  banks  by  means  of  cast  iron 
disks,  to  which  are  fastened  the  anchorage  ropes.  These  disks  are  sunk  into 
sand  by  peculiar  shaped  harpoon.  Illustrated  description.  Eng:  News,  Feb. 
6,  1892,  p.  124. 

Rivers.  Self-Ptirificationof.  Abstract  of  a  paper  by  Prof.  R.  Baumeister  in  the 
Centralblatt  der  Bauverwaltung ,  discussing  the  question  of  self-purification  as 
depending  upon  volume  of  water  and  velocity.  Eng.  Record,  April  9, 1892,  pp. 
3n-23. 

.  Self-Ptirification  of.    Expts.  on  the  River  Isar  at  Munchen,  the  Lech  and 

•  Wertach  at  Augsbefg,  and  the  Neckar  at  Stuttgart,  by  Dr.  Max  v.  Petten- 
kofer,  Deutsche  Bauzeitung,  May  2  and  23,  1891. 

Riveted    Joints.     Diagrams  for    Strength.    Diagrams    plotted    from    formulas  of 

British  Board  of  Trade.    From  Lon.  Eng,,  Eng.  News,  Feb.  6,  i892,  p.  i36. 
Riveting.     See  Boilers. 

.    See  Steel. 

Roads.    An  Indtistrial  Revolution  by  Good  Roads.  Article  by  A.  A.  Pope,  presenting 

arguments  for  better  roads,  and  suggesting  methods  of  legislation.    Forum, 

March,  1892,  pp.  n5-i9. 
.     Construction  and  Repair  of  Country  Roads.    By  James  Owen,  before  a 

road  convention  held  at  Trenton,  N.  J.    A  practical  discussion  of  this  subject. 

Abstract,  Eng.  Record,  Jan.  3o,  1892,  p.  146. 

.    Fr inch  Roads,  their  Administration,  Construction  and  Maintenance.    By 

Prof.  F.  H.  Neff.  A  paper  before  the  C.  E.  Club  of  Cleveland.  Jour.  Assn. 
Eng.  Soc,  Jan.  iS92,  pp.  1-15. 

.  Interesting  Piece  of  Road  Construction.  Description  of  the  continua- 
tion of  a  road  over  a  very  soft  marsh  at  Hyde  Park,  111.  By  G.  W.  Waite. 
Eng.  News,  Jan.  3o,  i892,  p.  no 

.    See  Pavements . 


Rock  Blasting.  Electric  Firing.  Abst.  of  paper  by  A.  L.  Saunders,  before  A.  S.  C. 
E.,  describing  the  American  system  of -firing  blasts  by  electric  generators, 
using  caps  of  fulminate  of  mercury.    Eng.  Rec,  Nov.  5,  1892,  pp.  357-358. 

Rolling  Mill.  Failures  in  the  Necks  of  Chilled  Iron  Rolls.  Due  to  difference  of  tem- 
perature between  roller  and  bearing.  Method  for  overcoming  the  difficulty. 
Eng.  News,  Nov.  10,  i892,  p.  441. 

Roofing.  A  series  of  articles  describing  the  various  kinds  of  roofing.  Illus.  By  A. 
Rospide.    Am.  Arch.,  June  n,  i892,  et  sea. 

.     Wood   Cement   Roofing.    Used   in    Germany,  and  consists   of  layers 

of  cardboard  and  cement.  Brief  notice.  Eng.  Record,  March  i9,  1S92. 
p.  260. 

Roofing  Slates.  Strength  nnd  Weathering  Qualities.  Paper  by  Mansfield  Merri- 
man,  before  A.  S.  C.  E.,  describing  the  geological  formation,  methods  of 
manufacture,  and  giving  results  of  tests  of  strength  and  weathering.  Trans. 
A.  S.  C.  £.,  Vol.  XXVII,  pp.  331-349- 
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Roofing  Tiles.  The  Older  Forms  of  Tei-ra  Cotta  Roofing  Tiles,  Interesting  article, 
illustrating  and  describing  the  various  forms  of  tiles  used  in  the  older  countries. 
Ky  E.  S.  Morse,  Am.  Arch,,  March  26,  iS92,  pp.  197-200,  etsea. 

Roof  Trusses.     See  Exposition,  Columbian-     Railroad  Station. 

.    Manufactures  and    Liberal  Arts  Building'  of  the   World's  Columbian 

Exposition.  General  description,  with  inset,  estimate  of  cost,  and  comparison 
with  the  roof  truss  of  Machinery  Hall  of  Paris  Exposition  of  i889.  Eng.  News, 
Sept.  r,  1892. 

Liberal  Arts  Building  of  the  World' 's  Columbian  Exposition.    Details 


of  main  arch  trusses,  longitudional  struts,  skewback  connections,  crown  hinge, 
joint,  purlins  and  lantern  trusses.    Eng.  Rec,  Oct.  8,  15,22,  1892. 

.    See  Railroad  Stations  and  Train-Shed. 

Table  of  Co-efjicients  for  Figuring  Strains  in  Roof   Trusses.    Tables 


for  the  French  or  Fink  type  of  truss.     By  M.  J.  Patterson.    Eng.  News,  Aug. 

11,  i892,  p.  126. 

.  20Q  ft.  span,  for  Passenger  Station.    See  Train-shed. 

Rope-Drive.    An  English.    Description  of  a  drive  in  use  at  the  India  Mill  at  Dar- 

wen,  Eng.     Illustrated.    Power,  April,  i892. 
Rope  Driving  Plant  at  Willamette  Mills.     Brief  illustrated  description  of  the  plant 

of  these  sawmills.    Power,  Jan.  18,2,  p.  3. 
Rope  Driving,  Notes  on.    An  article  giving  full  formulae.  Amer.  Mach.,  Nov.  10, 'i892. 

.    See  Power  Transmission. 
Rope  Transmission.    See  Tramway. 
Ropes.    Hoisting  Ropes.    Brief  article  on  the  use  of  wire  ropes.    Eng.  Record,  Jan. 

30,  i892,  p.  143. 
Ropeway.    Long  Span    Wire  Ropeway.     Illustrated  description   of  a  ropeway  of 

1,050  ft.  span  over  the  Penobscot  at  Howland,  Me.  Illustrations  of  the  apparatus 

used.    Eng.  ATews,  April  2,  i892,  pp.  330-1 . 
Rubber.    See  Pumping  Plant. 

Safety  Chains.     See  I.ocomotizes. 

Salt  Lake.  Lagun  Sal  del  Rey,  or  King  of  Salt  Lakes.  A  description  of  this  pecul- 
iar lake  in  whicli  the  salt  forms  a  hard  crust  from  1  to  7  inches  thick.  By  G.  W. 
Waite.    four.  Assn.  Eng.  Soc,  Feb,  18^2,  pp.  100-2. 

Sanitation.  Determination  of  Carbon  Dioxide  in  the  Air  of  Buildings.  Description 
of  method  us^d  in  laboratory  of  Massachusetts  Institute  of  Technology,  Boston . 
Set-  Am.  Sup-,  Nov.  5,  1892,  pp.  140-33. 

.  Historical  Retrospect  of '.  By  Patrick  Hehir,  M.  D.  Interesting  histori- 
cal paper.    Ind-  Eng.,  May  7  1892,  et  sea. 

Sanitary  Engineering.  Sanitary  Progress  in  New  York.  A  review  of  the  work 
for  the  past  twenty-five  years.  By  C.  F.  Wingate.  Eng.  Mag..  June,  i892,  pp. 
317-23. 

.     See  Malaria. 

.    See  Typhoid  Fever. 

Saw  Tempering  Device.  By  Geo.  J.  Fowler.  Description  of  device.  Illus.  Am. 
Mach.,  March  10,  i892. 

Sea  Water.  Used  for  Flushing  Sewers,  and  Sprinkling  Streets.  Practical  operation 
of,  at  Great  Yarmouth,  Eng.,  showing  that  no  evil  effects  result  from  its  use. 
Eng.  Rec,  Oct.  8,  i892,  p.  298. 

Secondary  Batteries.      See  Electric  Batteries. 

Sewage.  Disposal  of ,  at  Portsmouth,  England.  Outfall  below  ordinary  high  water 
of  tides.  Illustrated  description  and  details.  Lon.  Eng.,  Sept.  9,  1892,  pp. 
336-8. 
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Sewage,  Flow  of,   Schenectady,  N.    Y.    Gaugings  of  flow  for  24  hours  from   18  in. 

outlet-    Eng.  News,  March  26,  i892,  p.  3o5. 
— .    Precipitation  of.    A  valuable  paper  on  sewage  precipitation  and  refuse 

destiuctor  at  Southampton,  Eng.    ByWm.   Bennett  before  the   Inst.  M.   E. 

Precipitant  used  was  Ferrozone.    Abstract  in  Eng.  News,  Sept.  1,  i892,  p.  i98. 

Sewage  Disposal.  English  Sewage  Disposal  Works.  Brief  account  of  several 
works  from  personal  examination.  By  J.  F.  Flagg.  Eng.  Record,  Jan.  2,  1892, 
pp.  77-8. 

,  in  the  United  States.  A  paper  by  G.  W.  Rafter  setting  forth  the  neces- 
sity of  sewage  purification  and  describing  briefly  various  systems  as  adopted 
in  this  country.    Eng.  Mag.,  Jan.,  i892,  pp.  496-508, 

,  offsolated  Dwellings  and  Institutions.        Full  abstract  of  a  paper  by  W. 

K.  Parry  before  the  Inst  C.  E.,  of  Ireland  giving  description  of  cases  in  which 
various  methods  have  been  adopted.  From  Contract  your.,  Lon.,  Eng.  News, 
June  2,  1892,  pp.  555-6. 

,  at  fsolated  Houses-       Article  by  Geo.  E.  Waring,  Jr.,  discussing  this 

question  and  describing  in  detail  the  methods  of  sub-surface  irrigation.  Inset 
plate  of  details  given.    Am.  Arch.,  March  12.  i892,  pp.  166-9. 

— -,  at  Large  Institutions.    Article  by  Geo.  E.    Waring,  Jr.,    describing  the 

sewage  disposal  works  of  the  Insane  Asylum  near  London,  Canada.  Illustra- 
ted.   Am.  Arch.,  April  9,  1892. 

.    A  New  Method  for  the  Disposal  of  Sewage,  with  some  References  to 

Schemes  now  in  Use.  Refers  to  a  method  of  distilling  the  ammonia  from  sludge 
cake,  with  suitable  method  of  precipitation.  By  G.  G.  Moor  before  the  Brit. 
Assn.     Abs.,  Set.  Am.  Sup..  No.  828,  Nov.i4,  1881,  pp.  13236-7. 

.    New  Methods  by  Cultivation  Filters.      Result   of  experiments  of  Mr. 


Scott-Moncrieff  on  the  cultivation  of  micro-organisms  which  he  claims  causes 
the  fermentation  of  organic  matter.  In  practical  operation  on  a  small  scale, 
Lon.  Eng.,  Oct.  14,  1892,  p.  33o. 

— at  Wayne,  Pa,.    Detailed  description  of  this  system  which  is  by  surface 

irrigation.    By  Geo.  E.  Waring,  Jr.    Am.  Arch.,  July  2,  1892,  pp.  5-7. 

.     The  Worcester  Sewage  Works.     Results  of  their  operation  for  a  year 


and  a  half.    Chemical  preparation  is  used.      Fire  &*  Water,  Jan.  2,   1892,   pp. 

4-5. 
Sewage  Farm  of  Berlin.    Valuable  paper  by  Herman  Roechling  before  Inst.  C.  E., 

giving  full  description  and  plans  of  the  successful  working  of  the  Berlin  Sewage 

Farm.    Proc.  Inst.  C.  E.,  Vol.  CIX.,  pp.  179-269. 
Sewagt  Farms.     The  Berlin  Sewage  Farms.    A  description  of  these  extensive  farms 

with  statement  of  crop  returns.    Eng.  Rec,  Aug.  6,  i892,  pp.  157-8. 

Sewage  Purification  in  America.  A  series  of  articles  describing  the  construction 
and  working  of  all  the  purification  plants  in  America.  Eng.  News,  July  i4, 
1892,  et  seg. 

,  in  America.    Purification  in  the  drainage  area  of  Boston  Water-Works. 

Eng.  News.  Sept.  1,  i892.  Sewage  disposal  at  Greenfield.  Mass.  Purification 
plants  for  the  Village  of  White  Plains  and  Sheepshead  Bay,  N.  Y.  Chemicals 
used  to  precipitate  the  solid  matter  and  chlorine  to  deodorize  the  sludge.  Eng. 
News,  Sept.  22,  29,  1882. 

Aluminoferric  Process.      Details    and  description  of  the  method  of 


treating  sewage  by  alluminoferric.  General  review  of  the  subject  of  sewage 
disposal.  Pamphlet,  p.  27.  Apply  to  Peter  Spence  &  Sons,  Manchester  Alum 
Works,  Manchester,  Eng. 

Sewage 'Works.  Sewage  Precipitation  Works  and  Refuse  Destructor  at  Southamp- 
ton, England.  An  abstract  of  a  paper  by  Wm.  B.  G.  Bennett,  giving  an  ac- 
count of  the  works  at  Southampton.  The  Shone  ejector  is  used.  Eng.  News, 
Sept.  1,  J8g2,  pp.  i9S-9. 
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Sewer.  Main  Relief  Sewer,  Brooklyn,  N.  Y-  Full  description  ol  the  construction 
of  this  large  sewer,  with  inset  giving  cross-sections,  progress  profile,  manholes, 
etc.  The. method  of  tunneling  by  means  of  an  iron  pilot  .tube,  is  illustrated 
and  described.    Eng.  ATews,  Jan.  2,  1892,  pp.  8-10. 


.    Main  Relief  Sewer  of  Brooklyn.     Description  of  this  large  work  with 

account  of  various  expedients  used  in  different  work  Illus.  By  Willard  Bea- 
han  Trans.  A.  S.  C.  £.,  Vol.  XXVI.,  May,  i892,  pp.  484-5o7.  Discussion,  pp. 
507-17.    Abstract,  Eng.  News,  Aug.  i3,  i892,  pp.  i68-9. 

.    Inverted  Sewer  Sifhon.      Description  and  account  of  construction. 


Illus.    Eng.  Rec,  July  2,  i892,  pp.  78-g. 

.    Purification  of  the  Seine  and  Syphons  of  the  Islands  of  St  Louis  and  Cite. 

Description  of  these  inverted  syphons  for  carrying  the  sewage  of  these  islands 
under  the  Seine.  Two  folding  plates.  Annates  des  Fonts  el  Chaussees,  Dec. 
1891,  pp.  569-83. 

Tumbler  Basins.     Series  of  steps  inserted  in  8  It.  sewer  to  overcome 


steep  grades  and  reduce  velocity.    Eng.  Rec.,  Oct.  29,  iS92,  p.  345. 

.    Flu  shins'  with  Sea  Water.    See  Sea  Water. 

.     See  Drainage. 


Sewer  Pipe.  Cost  of  Laying  at  Dallas,  Tex.  Tabulated  results  of  actual  cost  com- 
piled from  about  20  large  contracts,  pipe  6  inches  to  24  inches  in  diameter. 
Eng^.  News,  Nov.  17,  i892,  p.  466. 

.     Manufacture  of  Vitrified Sewer  Pipe.     A  paper  by  Wm.  C.   Klingel- 

hoeffer  describing  the  method  in  use  by  Evans  &  Howard,  St.  Louis.  The 
Tecl/nograph,  18^,2,  pp.  S3-S7.     Reprint,  Eng.  News,  June  23,  iS92,  pp.  624-5. 

Sewerage.    See  Drainag  . 

.    Shone  System.    Description  of  this  system  and  advantages.     By  Isaac 

Shone.    ling.  News,  Aug.  4,  1892,  p.  101. 

Sewerage  System,  Boston.  Notes  abstracted  from  the  report  of  the  Street  Depart- 
ment, i89i,  giving  sections  of  three  important  sewers  and  other  information. 
Eng.  News,  May  19,  1892,  pp.  512—3. 

of  the  District  of  Columbia.      Report  of  a  board  of  engineers  consisting 

of  Messrs.  Rudolph  Hering,  Samuel  M.  Gray  and  F.  P.  Stearns,  on  the  dis- 
posal of  sewage  of  the  District.  A  valuable  work,  abstract,  Eng.  News,  May 
12,  1892,  p.  476 

■  of  Naples.    General  description  of  system  with  illustrations  of  cross-sec- 


tions of  sewers.     Eng.  Rec,  July  3o,  i892,  pp    i39-4o. 

Sewerage  Systems  of  the  New  England  States.      Tabulated  description  of  most  of 
the  systems  of  New  England.  Ens-  News,  May  i9,  1892,  pp.  509-11. 

.     Recent  Stwerage  Work  at  Providence,  R.  f.     Illustrated  description  of 

recent  main  sewers.    Eng:  Rec,  June  4,  i892,  p.  5. 

Report  upon  the  Sewerage  of  the  District  of  Columbia.      Report  of  the 


board,  consisting  of  Rudolph  Hering,  S.  M.  Gray  and  F.  P.  Stearns.  An  ex- 
haustive report  covering  the  questions  of  sewage  disposal,  protection  of  low 
lands  from  floods  and  collections  and  delivery  of  sewage  and  storm  water. 
House  Rep.  Ex.  Doc  4.45, 51st.  Cong-. 
Shaft  Sinking,  by  Freezing  in  France.  Brief  note  of  the  successful  freezing  to  a 
depth  of  i3S  ft.  below  the  surface.    Eng .  News,  Feb.  20,  i892,  p.  175. 

in  Unstable  ground  by  the  Haase  and  Haeuser  Invention  at  the  Zwinkau 

Colliery.  By  M.  Herold.  Haeuser's  system  of  sinking  with  corrugated  iron, 
or  flat  iron,  piles,  found  more  suitable  and  cheaper  than  Haase's  system. 
Jahrbuchfur  das  Bergand Huttenwesen,  i89i,  pp.  27-32. 

Sheepshead  Bay.     See  Sewage  Purification. 

Ship  Building  on  the  Great  Lakes.  Short  descriptions  of  plants  at  important  points 
along  the  lakes.    R.  R.    Gaz.,  Nov.  4.  11,  18,  1892. 
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Ship  Building  in  the  Royal  Dock  Yards  During-  i8qi.  Particulars  relating  to  ship- 
building, and  some  of  the  heavy  tonnage  vessels.     Am.  Mack.,  Feb.  4,  i892. 

Ship  Canal.    See  Canal. 

Ships.  Steadying,  at  Sea.  By  J.  I.  Thorneycroft,  before  Inst.  Naval  Arch.,  giving 
the  theory  of  the  subject  and  experiments  made  with  a  steadying  apparatus. 
Illus.    Lon.  Eng  ,  April  15,  i892,  pp.  464-6. 

.     Vibration  of.    See  Engines. 

.    Launching  of.    See  Launching. 

.    See  Torpedoes. 

.     Electrical  Appliances  on.     See  ElecU-ical  Appliances. 

Shop  Work  Inspection.  Paper  by  A.  L.  Johnson  describing  in  considerable  detail 
the  duties  of  an  inspector  and  proposing  a  form  of  record.  Feb.,  1892,  pp.  64- 
74.    Abstract,  Ry .  Rev-,  May  7,  i892. 

Signals.  The  Signal  Question  up  to  date.  By  A.  P.  Niblack.  An  article  describing 
some  of  the  different  codes  of  marine  signals.  Proc.  U.  S.  Naval  hist  ,  No.  1., 
Vol.  XVIII. 

: .    See  Block  Sy stein. 

Signalling  System.     See  Railroads. 

Siphons.    See  Sewers. 

Slag.    Basic  Slag  for  Fertilizing.    Brief  paper  by  W.  H.  Morris  before  the  A.  I.  M. 

E.,  discussing  the  value  of  slag  as  a  fertilizer.     Sci.  Am.  Sup.,  May  14,  i892,  p. 

i3649.     Trans.  A.  L.  M.  £.,  1892,  p.  2. 
Slates.    See  Roofing  Slates. 

Smoke  Prevention.  An  article  advising  the  use  of  steam  jet  above  the  grate.  By 
W.  H.  Booth.    Am.  Mack.,  Nov.  24,  i892. 

.     Causes  and  Method  of  Preventing.      Elaborate  report  of  the  special 

Committee  on  Prevention  of  smoke,  before  the  Engineers  Club  of  St,  Louis, 
gives  full  review  of  the  subject  to  date  and  descriptions  of  all  the  successful 
methods  of  smoke  prevention.  Pamphlet,  p.  48.  Abstract  in  Eng.  Rec,  Aug. 
i3,  1892,  p.  167. 

in  Cities.    A  brief  paper  by  G.  R- Ide  discussing  the  problem   and  des- 


cribing the  general  features  of  several  smoke  preventing  devices.  Proc.  Eng. 
Club,  Phila.,  1892,  pp.  141-52. 

.     Conditions  Necessary  for.    Abstract  of  paper  by  A.  R.  Sennett,  before 

the  British  Association,  giving  conditions  necessary  for  the  prevention  of 
smoke.  Uses  a  fine  jet  of  steam  to  obtain  an  induced  supply  of  air.  Illustra- 
ted.   Elec.  Rev.,  Oct.  7,  1892,  pp.  424-27. 

.    Hawley  Down  Draft  Ftirnace.    See  Boiler  Furnace. 


Smoke.  Prevention  of.  Record  of  a  test  of  the  Sargent  apparatus,  using  the  princi- 
ple of  injecting  steam  and  air  into  the  fire-box.  Showed  a  saving  of  fuel  of 
about  6  per  cent,  and  no  objectionable  smoke.  Eng.  News,  Nov.  10,  i892,  pp. 
437. 

Specificationsyor  Railroad  Supplies.     See  Railroads. 

.     See  Bridge,  Bridge  Specifications ,  Cement,  Electrical  Conductors. 

Spectroscopy.  Astronomical  Spectroscopy,  with  Special  Reference  to  the  most  Recent 
Photographic  Developments.  A  description  of  this  work  as  carried  on  at  Prin- 
ceton.   By  D.  C.  Miller.    Jour.  Assn.  Eng.  Soc,  July,  iS92,  pp.  379-8. 

Speed.    See  Train  Speed. 

Spikes  and  Bolts.    See  Testing. 

Springs.     Calculating  Helical  Springs.      Examples  of  the  use  of  the  common  form  - 

ulas  for  calculating  double  or  triple  coi!  springs.    By  A.  L.  DeLeened.    R.  R. 

Gaz„  Jan.  i5,  1892,  pp.  45-6. 
.    See  Steel  for  Springs. 
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Sprinklers.     See  Fire  Protection. 

Staff.  A  detailed  description  of  the  method  of  making  staff  for  the  Chicago  Expo- 
sition.    By  E.  Phillipson.    Illus.    Eng.  Rec,  June  4,  i892,  pp.  13-14. 

Standpipe,  Des  Moines,  Iowa.  Detailed  illustrations  of  this  standpipe  and  floating 
platform  used  in  its  erection.  A  winding  outside  staircase  and  a  spiral  copper 
roof  are  special  features.    Eng  News,  April  9,  i892,  pp.  346-7. 

.     Water  Works  Stand-Pipe  at  Atirora,  Neb.    Wrought  iron  pipe,  io5  ft. 

high.     Details  illustrated.     Eng.  Rec,  Nov.  21,  x89i,  pp.  400-1. 

Station.  New  of  the  Lowell  &*  Surb  urban  Street  Railway  Co.,  Lowell,  Mass.  Gives 
full  particulars.    Elec.  Eng.,  Oct.  12,  i£92. 

Stay  Bolts.  Some  Probable  Causes  0/  the  Failare  of  Stay  bolts.  An  editorial  discus- 
sion chiefly  on  the  effect  of  ^-shaped  threads.  R.  R.  Gaz..  July  29,  1892,  p. 
565. 

Steam  Calorimeters  for  Locomotive  Use-  An  editorial  discussion  as  to  their  use  and 
value.    R.  R.  Gaz.,  Jan.  22,  i892,  pp.  64-5. 

Steam  Distribution.     See  Engine. 

Steam  Jacket.  Saving  effected.  Tabulated  results  of  numerous  experiments  on 
single  cylinder,  condensing  and  non-cond«nsing  and  compound  condensing 
engines.  Report  of  committee  before  Inst.  M.  E.  Lon.  Eng.,  Oct.  28,  1892, 
pp.  549-?5o. 

Steam  Pipes.  Loss  of  Heat  from  Uncovered  Steam  Pipes.  Tables  and  methods  of 
obtaining  amount  of  heat  lost.    Locomotive,  Sept.  1892. 

.     For  Car  Heating     See  Car  Heating. 

Steam  Plant  at  Ivory  dale,  O.  Description  and  illustrations  of  all  details.  Eng. 
Record,  Oct.  17,  1892,  et  sea. 

Steam  Turbines.  Detailed  description  and  illustrations  of  the  Dow  and  Parsons 
Turbines.    Eng.  News,  Feb.  27,  i892,  pp.  1^0-92. 

1 .    Report  of  Trials  of  a  Parson's  Steam    Turbine   Dynamo.     Results  of 

several  trials  indicate  very  high  efficiency  as  regards  pounds  oi  steam  per  elec- 
trical unit.  By  Prof.  E wing  in  The  Prac.  Engr.,  Jan.  8,  i892,  pp.  32-3.  Lon. 
Eng.,  Jan.,  8,  1892. 

Steamships.  The  Atlantic  Liner ,  Past,  Present  and  Future.  A  resume  of  the  ad- 
L-ment  made  in  the  last  40  years.  Diagrams  illustrating  this  ;  also  sections 
and  profiles  of  representative  ships.    Lon.  Eng.,  Dec.  4.  i89i,  pp.  645-7. 

Steamship.  Screw  Steamship  and  Tow  Barge  Efficiency  on  the  Northwestern  Lakes 
of  America.  A  paper  by  J.  R.  Oldham,  discussing  the  commercial  efficiency 
ot  the  whaleback  steamship,  its  sea-worthiness,  ease  of  towage,  etc.  Trans. 
Am.  Soc.  C.  £.,  Oct.  i89i,  pp.  3/3-85.    Discussion,  pp.  385-93. 

Steel.  Annealing  and  Hardening  of  Structural  Steel.  Paper  by  A.  C.  Cunningham, 
before  A.  S.  C.  E.,  giving  results  of  tests  on  structural  steel  to  determine  effect 
of  annealing  and  tempering.     Trans.  A.  S.  C.  £.,  Vol.  XXVII,  pp.  35i-357. 

.    Basic  Bessemer  Steel  Plant  of  the  Pottstawn  Iron  Co.     Fully  illustrated 

description  of  plant    and  methods  used.    E.  6°  M.   Jour.,  Nov.  5,    12,  i9, 

iS92. 
.    Experiments  with  Basic  Steel.    Paper  by  W.  H.  White,  before  the  Iron 

and  Steel   Inst.,  summarizing  results  of  experiments  on  properties,  riveting, 

etc.,  of  ship  steel.    Prac.  Eng-,  June  24,  i892,  et  sea. 

Firebox  Steel.    By  P.  Kruezpointuer.    A  thorough  discussion    of  the 


question  of  laminated  steel.    R.  R.  Gaz.,  May  27,  i892,  pp.  391-5. 
.    Note  on  Cast  Iron  Wheels  in  England  and  on  the  L.  &*  S.  W.  Ry.  En- 


gines.    By  A.  Leproux,  Prof.  St.  Etienne  Scho.  of  Mines     Annates  des  Mines, 
i892,  No.  -,  p.  539. 

.     On  the  Determination  of  the  Constants  and  of  the  Coefficient  of  Elasticity 

of  Nickel-Steel.    By.  E.  Mercadier.    The  incorporation  of  nickel  in  sufficient 
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quantities  tends  to  make  the  metal  isotropic.     Comtes  Rendus ,  Vol.  CXIII,  i89i 
PP  ■  33-6  • 
.     On  the  Elastic  Carve  and  Treatment  of  Structural  Steel.    A  paper  by 


Gus  Henning,  before  the  Am.  Soc.  M.  E,  Abstract  of  the  portion  relating  to 
the  annealing  of  built  up  bridge  members  for  the  Ohio  River  bridge  at  Hen- 
derson, Ky.,  Eng.  News,  May  26,  1892.     Trans.  A.  S.  M.  E.,  Vol.  XIII. 

.    Punching' of  Steel  Plate.    Experiments  on.     Experiments  to  determine 

the  resistance  to  shearing  and  effect  on  elastic  limit  and  ultimate  strength  of 
cold  punching  on  steel  plate,  with  different  style  punches,  your.  Assn.  Eng. 
Soc,  Sept.  i892,  pp.  463-470. 

.  Results  of  Tests  and  Experience  in  the  Use  of  Low  Steel  in  the  Construc- 
tion of  the  New  Railway  Bridges  at  Dirschau  and  Afarienburg,  Germany. 
Specifications,  chemical  analyses,  working  properties  and  tests  of  shapes  and 
punched,  drilled  and  riveted  plates.  From  Stahl  zind  Eisen.  E.  6°  M.  Jour., 
Dec.  12,  19,  26,  1S92.    Abstract,  E?ig.  News,  Jan.  2,  i892. 

.     See  Alloys,  fron  and  Steel. 

.  Use  of  Steel  for  Railway  Bridges.  A  symposium  on  this  subject,  be- 
ing a  portion  of  the  discussion  on  Mr.  Waddell's  paper  on  "Some  Disputed 
Points  in  Railway  Bridge  Designing,"  in  Trans.  Am.  Soc.  C.  E.  Eng.  News, 
Aug.  25,  1S92,  pp.  184-6. 

-.     Ttsts  and  Requirements  of  Structural  IVroughi-fron  and Steel.  Lengthy 


discussion  of  paper  by  A.  E.  Hunt.  By  G.  C.  Henning  and  A.  E.  Hunt.   Trans. 
A.M.I,  £.,  i892. 
.    Soft  Steel  in  Bridges.    Paper  by  F.   H.   Lewis.     See  Bridges,    Soft 


Steel. 

Steel  Castings.  Illustrated  description  of  large  intricate  casting,  with  results  of 
tests  showing  remarkably  good  quality  of  steel.  Eng.  News,  May  5,  i892,  p. 
45i. 

.     Open  Hearth   Steel-Castings.    Description  of  machinery  and  methods 

used  in  their  manufacture.  By  J.  A.  Herrick,  in  Iron  Age.  Reprint,  Sci  Am. 
Sup.,  March  26,  1^92,  pp.  13,533-4. 

Steel  Eyebars.  Tests  of  Full- Sized  Eyebars .  Paper  by  F.  H.  Lewis,  before  A.  S.  C- 
E.,  giving  comparative  results  of  tests  on  full-sized  eyebars  and  specimens  cut 
from  eyebar.  With  discussion.  Trans.  A.  S.  C.  £..  Vol.  XXVII,  pp, 
358-3S5. 

Steel  Tools.  New  Method  of  H  n-dening.  The  steel  heated  under  a  covering  cf 
borax  is  plunged  into  a  mercury  bath.  From  Iron  Age.  Eng.  News,  Aug.  25, 
i892,  pp.  i89-9o. 

Steel  and  Alloy  Steels.  Chemical  and  Physical  Properties.  Paper  by  J.  W.Lang- 
ley,  before  A.  S.  C.  E.,  giving  the  chemical  and  ph/sical  properties  of  com- 
mercial steels  and  alloy  steels;  and  effect  of  tempering  and  hardening.  Trans. 
A.  S.  C.  E.,  Vol.  XXVII,  pp.  386-405. 

Steel  for  Springs.  Article  by  C  B.  Dudley  and  F.  N.  Pease,  showing  requirements 
in  spring  steel,  and  giving  P.  R.  R.  specifications.  R .  R.  S*  Eng.  Jour.,  Jan. 
i892. 

Stones.  Building,  of  Great  Britain,  their  Crushing  Strength  and  other  Properties. 
A  paper  by  T.  H.  Beare,  giving  results  of  careful  experiments  on  many  differ- 
ent kinds  of  stone.  The  modulus  of  elasticity  was  determined  for  each  by 
meads  of  a  specially  designed  and  very  sensitive  apparatus.  Stress  strain 
curves  drawn  and  apparatus  illustrated.  Proc.  Inst.  C.  E.  Vol.  CVII,  i89i-2, 
pp.  341-69. 

.  Crushing  Strength  and  Elastic  Limit  of  British  Building  Stones.  Ab- 
stract of  a  valuable  paper  by  Thomas  Hudson  Beare,  before  Inst.  C  E.,  giv- 
ing results  of  a  series  of  experiments  and  description  cf  apparatus  used.  Eng. 
News,  Sept.  22,  1852. 

.    See  Testing. 
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Storage  of  Water.     See  Rainfall. 

Storage  Battery,  Historical  Sketch  of.  By  C.  F.  Umberlacher,  before  the  Civil 
Engineers'  Club  of  Cleveland,  giving  the  historical  development  of  the  storage 
battery,  construction  and  much  valuable  matter  concerning  its  economy  and 
use.     Jour.  Assn.  Eng.  Soc.   Nov.  1892,  pp.  540-56. 

.     See  Electric  Batteries. 

Street  Car,  Evolution  of  the.  Interesting  illustrated  article.  St.  Ry.  Rev.,  Jan.  1892, 
pp  20-22. 

.  Fenders  for.    The  latest  report  on  street  car  fenders,  by  T.  C.  Clarke, 

C.  E.  Bartlett  and  G.  F.  Swain,  advises  use  of  the  Hirt  movable  tender  oper- 
ated by  the  brake  handle.    Eng.  News,  Oct.  27.  1892,  p.  402. 

Street  Cleaning  in  Boston.  Cost  of  and  methods  used.  Jour.  Assn.  Eng:  Soc,  Aug. 
i8°2,  pp.  433-435. 

.     Cost  of  and  methods  of  paying  for  municipal 'improvements,  street 

cleaning  and  sprinkling.    Eng.  News,  Sept.  29,  1892. 
Street  Grades.     Method  of  Fixing  Grades  at  Street  Intersections;    recommended  by 

Rudolph  Hering  and  Aivlrew  Rosewater.    Eng.  News,  Sept.  8,  i892. 
Street  Railways,  Cheap  Traction  on.    Illustrated  description  of  Rowan's  automobile 

steam   car  and  motor.    The  latter  is  a  special  form  of  high  pressure  steam 

engine.    From   l.e   Genie  Civil.    Set.  Am.  Sup.,   No.  836,   Jan.  9,  iS°2,  pp. 

i3,35i-2. 

.     Proceedings  of  the  Eleventh  Annual  Meeting  of  the  American  Street 

Railway  Assn.  Proper  method  of  overhead  electric  construction.  Relative 
cost  of  operating  horse,  cable  and  electric  roads.  Standards  for  electric  rail- 
roads.   R.  R  Gaz.,  Oct.  28,  1892,  pp.  8o9-8n. 

•    Relative  Cost  of  Operation  of  Horse,  Cable  and  Electric.    Abstract  of 

report  of  committee  of  Amer.  Street  Railway  Assoc.  Elec.  World,  Oct.  29, 
i892.    St.  Ry.  Gaz.,  Oct.  24,  i!>92.    St.  Ry.  Jaur.,  Oct.  i892. 

•    Standard  Rail  Head.    Abstract  of  paper  by  J-  F.  Ostrom,  of  the  Penn- 

sylvaniaSteel  Co.,  before  the  American  Street  Railway  Association,  proposing 
a  standard  rail  section.    Eng.  News,  Nov,  3,  1892,  pp,  413-414. 

Transition  Curves  at  Street  Corners.     Used  by  the  City  &  Suburban  Ry. 

Co.,  of  Baltimore,  Md.  Details  and  description.  Eng.  News,  Nov.  10,  i892, 
p.  452. 

.     Cable,  Electrc,  Steam  and  Animal.    Paper  by  Alfred  Sears,  before  A. 

S.  C.  E.,  determining  the  economy  of  the  different  systems  for  street  railways. 

Recent  trial  with  motors  of  compressed  air,  and  the  Belgian  motor  in  Chicago. 

Trans.  A.  S.  C.  £„  Vol.  XXVII,  pp.  312-324. 
,  Electric  7's.  Cable.    A  discussion  of  the  relative  cost,  etc.    St.  Ry.  Jour., 

July,  1S92.  pp.  433-36,  el  sea. 

■.     Permanent    Way   Construction,  Especially  as  Regards  Wear  and  Tear 

and Depreciation.  A  paper  by  F.  Arnall,  A.  M.  I.  C.  E  ,  describing  and  discuss- 
ing merits  of  various  systems,  read  before  the  Tramways  Inst,  of  Great  Britain 
and  Ireland.     St.  Ry.  Jour.,  Aug.  i892,  pp.  474-76. 

of  New  York.    Part  I,  Metropolitan  Traction  Co's  Lines.    Illustrated 

description.    St.  Ry.  Jour.,  Aug.  1892,  pp.  469-72. 

•    Electric.     See  Electric  Railways 

.    Strength  of  Poles.    See  Poles. 


Street  Railway  Motor.  Bucking  of.  Paper  by  Prof.  Geo.  D.  Shepardson,  explain- 
ing the  cause  of  and  devising  means  to  prevent  bucking  of  motors.  Elec. 
II  'orld,  Sept.  10, 1S92,  p.  161. 

.     Compressed  Air  Motor  at  Toledo.     Brief  description  of  the  operation  of 

a  trial  motor  of  the  Mekarski  system.  Illus.  St.  Ry.  Rev.,  Jan.  1892,  pp.  5-7. 
Brief  note,  Ry.  Rev..  Jan.  3d,  i892,  p.  6S. 
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Street  Railway  Motor .  The  Pneumatic  Motor  for  Surface  Roads  vs.  Horses,  Cables 
and  Trolleys.  A  discussion  of  the  advantages  of  the  pneumatic  motor.  By 
Herman  Haupt,  Consulting  Engineer.    St.  Ry .  Rev.,  July,  i8Q2,  pp.  378-80. 

Street  Railway  Statistics.  Condensed  irom  a  census  report,  Statistics  indicating 
an  increase  in  mileage,  operating  and  maintenance  expenses  and  amount  of 
traffic.    St.  Ry.  Gaz.,  Jan.  1892,  pp.  i7-ig. 

Street  Railway  Track.     Wear  of,  with  Steam  Motors.    Abstract  of  paper  by  Mr. 

T.  Arnall,  before  the  Tramway  Inst,  of  Great  Britain.    Eng.  News,  Sept.  8, 

i892. 
.     Track  Construction.    From  advanced  sheets  of  "Street  Railways,'"  by 

C-  B.  Fairchild.    Illustrated.     St.  Ry.  Jour.,  May,  1892,  pp.  290-98. 
Street    Watering  %7i  Boston.    Methods  used  and  cost  of.     Jour.  Assn.  Eng-.  Soc, 

Aug.  i892,  p.  437. 
Strength  of  Materials.     Effect  of  Temperature  on  the  Tensile'Strength  and  Ductility 

of  Metals.    A  collection  of  data  with  discussion.    By   H.  Wade   Hlbbard.    R. 

R.  Gas.,  May  6, 1892,  pp.  323-4,  et  sea. 

.    See  Locomotive  Tires,  Poles . 

Stress.    Repetition  of  in  Cross  Bending.    See  fron  and  Steel,  Testing. 
Structural  Steel.    Annealing  and  Tempering.    See  Steel. 

St.  Louis  Water  Works  Extension  Aqueduct.  Machinery  for  Mixing  and  Deliver- 
ing Concrete  for  Foundations.    Eng.  Rec,  Nov.  12,  1892,  pp.  378-379. 

Subways.  Street  Subways  for  Pipes  and  Wires  at  Nottingham,  England.  Abstract 
of  a  paper  by  A.  Brown,  describing  a  large  subway  and  giving  cost.  Eng. 
News,  July  21,  i892,  p.  68. 

Sulphur.  Elimination  of  from  fron.  Valuable  paper  by  J.  E.  Steed,  before  the 
Iron  and  Steel  Institute,  considering  the  origin  of  sulphur  in  iron  and  the  vari- 
ous methods  of  removal.  Recent  discovery  of  Ernest  Saniter.  E.  &■  M.  your., 
Oct.  15,  i892,  et  sea. 

Survey  of  Roanoke,  Va.  Map,  general  plan  of  survey  and  account  of  the  triangu- 
lation  work.    Eng.  News,  Jan.  9,  1892,  pp.  3>i. 

.    Roanoke.  Va.    Details  of  this  well  planned  survey,  which  consisted  in 

a  triangulation,  a  skeleton  survey  and  a  detailed  survey.    From  a  paper  by 

Geo.  P.  Wood.    Eng.  New!,  June  23,  1892,  pp.  625-26. 
.     The  Government  Surveys  for  the  Great  Siberian  Railway.  A  valuable 

paper  by  A.  Zdziarski,  giving  details  of  surveys,  location  and  construction.    R. 

R.  <5°  Eng.  four.,  June  and  July,  i892. 
.    Mapping  of  the  State  of  Missouri  and  Mississippi    Valley.     Reviews  of 

old  surveys.    Recent  work  of  the  U.  S.  and  Missouri  Geological  Surveys.  Also 

of  Mississippi  and  Missouri  River  Commissions.    Trans.  Academy  of  Science  of 

St.  Louis,  Vol.  VI,  No.  3. 


,  Geodetic.  U.  S.  and  Coast  and  Geodetic  Survey,  Bulletin  No.  25.  Ob- 
servations for  the  variations  of  latitude  at  Rockville,  Md.  Description  of 
station,  instruments  and  methods  of  observing.  Reduction  of  observations,  and 
discussion  of  results. 

.    See  Railroads. 


Surveying,  Government  Land  Surveys  and  Subdivisions.  Seven  pamphlets  by  Z.  A. 
Enos,  on  the  technical  and  legal  aspects  of  the  following  subjects:  I.  On  the 
Exterior  Boundaries  of  Townships;  II.  On  the  same  subject;  III.  On  the 
Proper  Mode  of  Dividing  a  Full  Quarter  Section ;  IV.  The  Quarter  Corners 
to  Fractional  Sections;  V.  Subdivisions  of  the  Fractional  Quarter  Sections; 
VI.  On  Course,  Distance  and  Area,  and  VII,  on  the  same  subject.  These 
pamphlets  may  be  had  of  the  111.  Soc.  Engrs.  and  Surveyors.  Price  for  the 
seven,  $1.00. 

.    Land.     See  Areas. 
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Surveying.    Mine  Surveying.    Three   Cantor  Lectures,  delivered  by  Bennett  H. 

Brough,  describing  instruments  and  methods  used.     Jour.  Soc.  Arts,  July  i5, 

29,  i892. 
,  Mining:    Paper  by  John  L.  Culley,  before  the  C.  E.  Club  of  Cleveland, 

describing  some  of  the  peculiar  features  of  mining  surveying.    Jour.  Assn. 

Eng.  Soc. .April,  1892,  pp.  i88-9S. 
,  Stadia.    A  Hand  Telescope  for.    A  description  of  a  prismastic  telescope 


for  stadia  work,  accompanying  rods  and  methods  of  work.    An  error  of  but  0.1 

per  cent,  is  claimed.     By  R.  H.  Richards,  at  the  Glen   Summit  meeting,  A.  I. 

M.  E.     Trans.  A.  M.  I.  A..  1892. 
,  Stadia  Work.    Description  of  hand  telescope  for  stadia  work.    Details 

and  method  of  using.     Technology  Quarterly ,  April  and  July,  i8q2. 
.    Photographs  and  Co-ordinate.    A  paper  by  H.  M.  Stanley,  describing 


methods  of  surveying  actually  used  in  Mexico.  Great  rapidity  and  accuracy 
are  claimed.     Trans.  A .  I.  M.  E.,  1892,  p.  27. 

.     Notes  on  Survey  ing  and  the  Kindred  Arts,  and  the  instruments  in   use 

in  the  Reign  of  Charles  II.,  King  of  England,  culled  from  an  Ancient  Book. 
Interesting  historical  paper  by  J.  H.  Cardew.  The  Surveyor,  the  Journal  of 
the  Inst,  of  Surveyors,  N.  S.  W.,  Oct.  6.  1891,  pp.  69-76. 

-.  Topographical.    Field  Sheet  for    Topographical  and  Stadia    Work.    A 


combined  protractor,  sketching  sheet  and  stadia  reduction  diagram.    By  T.  J. 

McMinn.     Illustrated  description.    Eng.  News,  July  28,  i892,  p.  80. 
Switches.    See  Railroad  Signals  and  Switches. 
Switching.     See  Railroad  Operation. 

Tar  Pavements  and  'Jar  Varnish.  A  paper  by  David  Douglas  read  before  the  Am. 
Gas  Light  Assn.,  describing  a  very  satisfactory  pavement  and  also  a  varnish 
made  from  water  gas  tar.     Abstract. ,Eng.  News,  Dec.  19  1891,  pp.  598-9. 

Telegraph.  The  New  Equipment  0/ the  Western  Union  Telegraph  Co' s  OfficeinN. 
Y.  By  Alfred  S.  Brown.  Complete  description  of  plant,  with  illustrations  of 
dynamo  plant,  switchboards,  etc.  Elec.  Eng.,  Jan.  27,  i892.  Elec.  World, 
Jan.  3o,  i892. 

Teltgraph  Apparatus.  The  Constants  of.  Paper  by  W.  Moon  giving  some  of  these 
constants  and  the  method  of  their  determination.  Elec.  Rev.,  Apr.  29,  1892, 
pp.  534-6. 

Telegraphy.     See  Insulation. 

Telephone.  The  New  Plant  0/  Bell  Telephone  Co.  of  Philadelphia.  A  complete  de- 
scription of  plant,  illustrating  cable-vault,  circuit  board,  operating  room,  etc. 
By  Geo.  M.  Phelps.    Elec.  Eng.,  Feb.  10,  1892. 

Telephony.  Long  Distance  Telephony .  A  paper  by  Hugh  Nelson  before  the  Cana- 
dian Elec.  Assn.  Discusses  the  subject  under  three  heads.-  lines,  equipment 
and  rates.    Elec.    World,  July  9,  16,  i892. 

Telescope.  Construction  of  a  5ft .  Equatorial  Reflecting  Telescope.  Paper  read  by 
A.  A.  Common  before  Royal  Astronomical  Society.  Full  illustrated  descrip- 
tion oi  methods  used.  Details  of  grinding  and  polishing  machines.  Testing 
of  mirrors.    Lon.  Eng.,  Oct.  28,  1892,  etseq. 

.  Stadia.    See  Surveying. 

Temperature  and  Current,  Relation  Between  Rise  0/  Temperature  and  Current  in 
Conductors.  By  F.  L.  O.  Wadsworth.  Shows  this  relation  to  be  parabolic,  and 
not  linear.      Elec.  World,  Feb.  27,  i892  . 

Temperatures,  High.    See  Metals.     Testing. 

Testing.  Bending  Tests  and  Contraction  of  Area  as  Proofs  of  Qztali/y.  By  P. 
Kreuzpointner.  A  general  discussion  of  this  subject  suggested  by  a  paper  on 
soft  steel  by  Prof.  Krohn  in  Eng.  News,,  Jan.  9, 16,  1892.  Eng-  News,  May  12, 
iS92,  pp  4856. 
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Testing.  Influence  of  Time  in  the  Testing  of  Various  Metals.  By  J.  Bauschinger. 
Abstract  giving  results  and  conclusions  from  a  recent  series  of  experiments 
upon  various  metals.    Proc.  Inst.  C-  £.,  Vol.  CVII.,  i89i-2,  pp.  434-40. 

.    See  Iron  and  Steel. 

.    See  Stones. 

Tests.     See  Materials . 

Testing  Materials.    See  Boilers,  Bridge,  Steel. 

Testing  of  Metals,  Etc.  Report  of  the  Tests  made  at  Watertown  Arsenal,  1888.  Im- 
portant series  of  tests  of  general  interest  are;  The  Temperature  Tests  on  Steel, 
Wrought-Iron  and  Cast  Iron  made  at  temperatures  as  high  as  1600°  Fahr.  of 
which  diagrams  are  given,  pp  223-522;  Rough  Wrought-Iron  Bars,  pp.  525  64; 
Railway  Axles,  pp.  565-641;  Wrought  and  Cast-Iron  Mill  Columns,  pp.  727-34; 
and  Endurance  Tests  of  Rotating  Shafts,  pp.  779-888. 

.Report  oj  the  Tests  made  at  the  Water/own  Arsenal,  i88q.  Tests  of  gen- 
eral interest  are  those  on:  square  steel  wire  and  electric  welds  of  square  steel 
wire,  pp.  121-292;  Alternate  straining  of  steel  bars,  pp.  293-323;  Tests  of  steel 
bars  at  various  temperatures  and  in  various  ways,  pp,  385-4^7 :  Steel  rails  in- 
cluding track  tests  with  locomotive,  pp.  439-44;  Adhesion  of  spikes  and  bolts  in 
railroad  ties,  pp.  595-618;  and  endurance  tests  of  rotating  shafts  pp.  619-48. 
Report  of  jSqo,  contains  tests  on;  Square  snd  fiat  steel  wire,  also  electric  welds, 
pp.  4i9-665:  Aluminum  and  aluminum  brass  and  bronze:  pp.  667-78;  Railway 
axles,  pp.  757-787;  Steel  rails,  including  hardness,  pp.  789-800:  Endurance  of 
rotating  shafts,  pp.  863-roq5;  and  co-efficient  of  expansion,  compression  tests 
and  transverse  tests  of  building  stones,  pp.  1097-1134. 

Thermometers.  Inertia  of.  Abstract  of  a  paper  by  A.  F.  Nagle  read  before  the 
Am.  Soc.  M.  E.,  giving  the  results  of  tests  to  determine  the  rate  of  change  of 
thermometers.  Diagram  of  curves  given.  R.  R.  Gaz.,  Dec.  25,  1891:  pp.  914- 
i5- 

Timber  Tests,  Strength  of  "Boxed"  Timber.  Circular  No  8  of  the  Forestry  Div- 
ision U.  S.  Dept.  Agr.,  gives  the  results  of  over  100  tests  showing  that  boxed 
timber  is  stronger  than  unboxed.  Abstract  in  Eng.  News,  April  2,  i892.  pp. 
335-6. 

Timbering.  New  Methods  in  Heavy  Timbering.  Proposed  method  for  preventing 
season  cracks,  and  details  for  joint  seat.  Illus.  By  F.  G.  Corser.  Eng.  News, 
July  28,  i892,  pp.  78-9. 

Tin  Mines.  American.  Abstract  of  report  on  the  Harney  Peak  tin  mines  of  South 
Dakota  by  Capt.  Evan  Thomas.  Stating  character  of  deposits  and  outlining 
best  methods  for  development.  Eng.  News,  Nov.  24,  i8c,2,  pp.  485-6.  E.  &=  M. 
Jour.,  Nov.  26,  1892,  pp.  5i2-5i3. 

Tin  and  Tin  Piatt.  The  History ,  Production,  Manufacture  and  Statistics.  By  Jos. 
D.  Weeks.     Illus.    Am.  Mfr.     The  Plate  Supplement,  Feb.  19,  i892,  pp.  1-33. 

Tools.  Relative  Efficiency  of  Different  Ctdting  Angles  in  Lathe  Tools.  Results  of 
tests  by  E.  S.  Keene-     Technograph  (Univ.  of  111.  Annual),  1891-2,  pp.  78-82. 

Toolsand  Appliances.  Milling.  By  R.  R.  Lister.  Paper  read  before  the  Man- 
chester Assn.  of  Engrs.    Mast.  Mech.,  April,  1S92. 

Torpedoes.  Brief  description  of  each  of  the  different  types.  Iron  Age,  April  21, 
i892,  pp.  758-9. 

Torpedo  Vessel  for  the  U.  S.ATavy.  Description  and  inset  of  details  of  machinery. 
Eng.  News,  May  12,  i892,  pp.  472-3. 

Train  Resistance.     See  Locomotive  Tests. 

Train  Shed,  of  Passenger  Stations  at  Cologne,  Germany .  Main  truss  209  ft.  span, 
78  ft.  high.  Two  side  spans,  44  ft.  each.  Short  illustrated  description.  Eng. 
News,  Oct.  6,  i892,  pp.  332-333. 

Train  Speeds.    See  Railroad  Operation. 
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Train  Speed  Register.  Illustrated  description  of  an  electrical  apparatus  for  meas- 
uring the  speed  of  trains.  From  Revue  Generate  des  Chcmins  de  Fer .  En£r. 
News,  March  5,  i892,  p.  219. 

Tramway.  Transportation  and  Transmission  by  Wire  Rope.  Description  and  effi- 
ciency of  the  various  systems  in  use.  Practical  information  for  designing.  R. 
R.  Gas.,  Oct.  7,  i892,  pp.  7*5  -t>. 

Transformers,  Efficiency  of.  By  M.  V-  Dolivo-Dobrowolsky.  A  paper  read  before 
the  Electrotechnischer  Verein,  Berlin.  Illustrated.  Elec.  World,  May  28, 
1892. 

-,  Relation  of  Size  and  Efficiency .     By  L.  B.  Still  well.      Paper  read  before 

Nat.  Elec.  Light  Assoc,  at  Buffalo.     Elec.  World,  March  5,  1892,  Elec.  Eng., 

March  2,  1892,  (abstract.) 

.    See  Electric  Plant. 

.     The  Efficiency  of  at  Different  Frequencies.      A  paper  read  by  W.  E. 

Ayrton  and  W    E.  Sumpner,   before  the   British  Association,      Elec.    World, 

Oct.  18  and  25,  i89->. 

Th  ■  Measurement  of  Hysteresis  and  Eddy  Current,  Losses  in.     An  arti- 


cle by  Sydney  Evershed  and  Ernest  B,  Vignoles.    Describes  experiments  and 

gives  results.     Elec.  World,  Oct.  15,  i892. 
Transmission  of  Power.     Projects  for  the  Utilization  of  Niagara.    Brief  description 

of  the  various  projects  submitted.   By  Prof.  Unwin,  Sec'ry  of  the  commission. 

Lou.  Eng.,  Oct.  23,  Nov.  13,  20,  1891. 

.     See  Rope  Driving  Plant. 

.     Two  Proposed  Methods  of  Transmitting  Power  from  Niagara  Falls  to 

Chicago.    By  F.  C.  Perkins.    Data  for  two  systems  high  potential  transmission. 

Illus.    Flee   World,  Feb.  20,  i892. 
.     See  Power   Transmission. 


Transportation.  Do  Waterways  Benefit  Railways.  A  discussion  by  Lewis  M. 
Haupt.     Fug.  Mag.,  April,  1S92,  pp    9-15, 

,     To  Columbian  Exposition.     See  Exposition. 

.  Passenger  Movements.  A  few  tabular  statistics  of  the  recent  great  pas- 
senger movements,  showing  the  carrying  capacity  of  several  of  the  leading 
railroads  of  the  U.  S.  and  surburban  services  of  New  York  and  Brooklyn.  R. 
A'.   Gag.,  Oct.  21,  1892,  p.  7^3. 

.    By  Wire  Hope.    See  Tramway. 


Traps.     See  House  Drainage. 

Tubes.     Spiral  Weld  Tube  Machinery ,  The  Development .    By  Geo.  Ross  Green.    A 

full  account  of  the  development  of  spiral  weld  tube  machinery.    Illus.     Jour. 

Frank.  Just  ,  March,  iS92. 

Tubing,  Flexible.  Manufacture  and  industrial  Applications  of  flexible  Tubing.  A 
paper  by  G.  R.  Redgrave  describing  the  processes  of  manufacturing  various 
kinds  of  flexible  tubing.      Jour .  Soc.  Arts,  March  25,  1892,  pp.  429-39. 

Tur.nel.  Chicago's  New  4-mile  Lake  Tunnel  and  its  Appendages.  A  valuable  paper 
by  Bernhard  Feind  giving  general  description,  sections  of  strata,  plans  of  in- 
take crib  and  general  methods  used  in  driving  tunnel.  Eng.  News,  Sept.  8, 
15.    I 

.  Iron  Roof,  Protection  of  from  Corrosion  from  Steam  and  Gas  of  Loco- 
motive. Hollow  brich  arches  built  on  bottom  flange  of  transverse  iron  girders 
of  tunnel  roof.  'Trans.  Am.  Soc.  C.  E  ,  Vol.  XXVII.,  pp.  324-30  Eng  News, 
Nov.  17,  1S92,  p.  475.    Eng-  Rec,  Aug.  6,  1892,  p.  161. 

.    Alignment  of.     Paper  by  H.  F.  Dunham  before   A.  S.  C.  E..   giving  a 

description  of  a  simple  method  of  tunnel  alignment  applicable  to  tunnels  of 
slight  curvature  and  driven  from  open  portals.  Electric  lighting  for  tunnel  in- 
struments.     Trans.  A.  S-  C.  F.,  Vov.  XXVII..  pp.  452-65. 
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Tunnel.  Big  Bull  Tunnel,  Clinch  Valley  Division,  Norfolk  &=  Wester?i  R.  R . 
Illustrated  description  of  this  tunnel  with  account  of  its  construction  and  diffi- 
culties.    By  Emile  Low.    Eng.  News,  June  9,  1892,  pp.  574-7. 

.    For  Four  Track  Underground  Electric  Railway.    Proposed   standard 

plans  for  New  York  City  Rapid  Transit  Railway.  Details  and  dimensions. 
Eng.  News,  Nov.  24,  i89>,  p.  4;2. 

.    Highway  Tunnel  Under  the  River  Thames  at  Blackwall,  London,  Eng- 


land.   Description  with  cuts  showing  various  cross-sections,  plan,  etc.     From 
Lon.  Engineer.    Eng.  News,  June  16,  1S92,  pp.  61S-16, 

Under  the  Mersey  River  lor  the  Vyrnwy  water  supply  for  Liverpool.  Eng. 


A  valuable  paper  describing  a  successful  method  of  driving  tunnels  of  large 
diameter  through  strata  of  varying  density.    Eng.  News,  Sept.  1,  i8g2. 

.     The  Vyrnwy  Aqueduct  Tunnel.     Illustrated  description  of  the   tunnel 

underneath  the  Mersey  and  methods  of  construction.  From  Lon.  Eng.;  Eng. 
Rec,  July  16,  1892,  et  seq. 

.    Removal  of  a  Tunnel,  Caledonian  Railway ,    Scotland.      Illustrated  de- 


scription of  shield  used  in  removing  arch,  and  account  of  work.  Eng.  News, 
April  2i,  i892,  pp.  4io-u. 

.    See  Water  Power,  Niagara  Falls. 

.    See  Water-  Works. 

,  The  Baltimore  Belt  Line  Tunnel,  General  description  with  cross-sec- 
tions showing  timbering  and  method  of  work.  R.  R.  Gaz.,  Aug.  5,  i892,  p.  578. 

.  The  Busk  Tunnel.  Description  and  sections  of  this  tunnel  on  the  Col- 
orado Midland  R.  R.  Length,  3.25  miles.  R.R.  Gaz.,  Aug.  26,  i892,  p.  629. 
Progress  of  work  described.    Eng.  News,  Aug.  25,  1892,  171. 

.  The  Philadelphia  Tunnel  of  the  Baltimore  &  Ohio  Railroad,  Its  Con- 
struction and  Cost-  Paper  by  W.  W.  Thayer  giving  the  details  of  this  work. 
Trans.  A.  S.  C.  E.,  Vol.  XXVI,  May,  1^2,  pp.  529-34.  Reprint,  Ry,.  Rev.,  July 
3o,  1892,  pp.  482-4. 

The  Severn.    A  history  of  this  tunnel  and  account  ol  its  building.      By 


Charles  Richardson,  M.  I.  C.  E.    Abstract,  Eng.  Rec,  June  4,  i?g2,  el  seq . 

« .     York  Road  Tunnel  of  the  Baltimore  Belt  Railroad.  By  Milnor  P.  Paret. 

The  system  of  tunneling  by  means  of  hydraulic  shields  is  used.  Detailed  des- 
cription of  method  and  shields.  Inset  of  details.  Eng.  News,  Jan.  9,  1892,  pp. 
26-S. 

.     On  the  Great  Northern  Railway,  Eng. ,  Between  London  and  Barnet. 

Short  descriptions  of  the  principal  tunnels  with  details  of  sections,  Lon.  Eng- 
ineer, Oct.  7,  1892,  pp.  298-300. 

.     The  Glasgow  Harbor  Tunnels.      Description  of  the  tunnels  now  being 

constructed  under  the  Clyde.     Illus.    Eng.  Rec,  July  3j,  i892,  p.  i38. 

Ventilation  of .    A  plan  proposed  by  C.  Anderson,   and  tested  on  the 

Metropolitan  Railway,  London.  The  furnace  gases  are  exhausted  into  a  lon- 
gitudinal tube  having  a  series  of  automatic  valves.  Eng.  News,  Jan.  2.1892, 
P.  7. 

.    See  Railroad,  Sewer,  Water  Supply, 

Tunneling.  Difficulties  of  Tunnel  Building.  By  Emile  Low.  A  description  of  dif- 
culties  encountered  in  the  construction  of  the  Big  Bull  tunnel.  Norfolk  & 
Western  R.  R.,  due  to  land  slides.  Illustrated.  Eng.  Mag.,  May,  1852,  pp. 
189-208. 

— •  in  Loose  Ground.  Abstract  of  a  paper  by  G.  H.  Deacon  before  the  Brit- 
ish Assn.,  describing  the  methods  of  tunneling  in  loose  ground  under  water 
pressure  and  especially  those  used  in  the  Mersey  river  tunnel.  Eng.  Rec, 
Aug.  37,  1S92,  p.  201. 

in  Soft  Ground.    A  discussion  of  the  tunnels  recently  built  through  soft 

ground  and  of  the  methods  employed.    Eng.  News,  Jan.  16,  1892,  pp.  64-5. 
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Tunneling.      Reno  System  Tunneling'  for  Rapid  Transit.        Illustrated  description 
by  J.  W.  Reno.    Eng.  News,  Feb.  27  i892,  pp.  204-5. 

.     The  Cast  Iron  Li?iing  0/  the  Hudson  River    Tunnel.      A  discussion  of 


the  cause  of  the  cracking  of  plates  in  the  lining,  and  of  the  general  economy 
of  cast-iron  linings.  Eng.  News,  June  16,  i892,  pp.  6o9-io.  Correspondence  on 
this  subject  by  R.  Hutton.    Ibid.,  June  3o,  i8g2. 

Turbine.  High-Pressure  Turbines  for  the  Bessemer  Steel  Works.,  at  Temi,  near 
Rome.  Detailed  description  of  these  turbines  designed  to  work  Under  a  head 
of  590  it.     Illustrated.    //  on  Age,  May  12,  i892,  pp.  920-2. 

.    See  Steam  Turbines. 

Turbine  Dynamo.  The  Par sons  Steam.  Report  of  a  trial  by  Prof.  J.  A.  Ewingofa 
100-unit  Parsons  turbine  dynamo.    Elec.  World,  Jan.  3o,  i892. 

Turnouts  for  Double-  Gauge  Tracks,  Three  Rail.  By  Jas.  K.  Geddes.  Paper  giving 
theoretical  investigation  for  turnouts  of  various  kinds.  Illustrated.  R.R.& 
Eng.  Jour.,  April,  iS92. 

,  for  Street  Raihoays.  Rules  for  locating  also  graphical  method  of  solv- 
ing problems  relating  to  the  same.  By  W.  E,  Harrington  Elec.  World, 
Nov.  1 9,  1892. 

Typesetting  by  Machinery.  Two  papers  describing  the  general  principles  involved 
and  some  of  the  principal  machines.  Illustrated.  Eng-  Fews,  April  9,  21, 
ii92. 

Typhoid  Fever  in  Chicago.  A  paper  by  Wm.  T.  Sedgwick  and  Allen  Hazen  giving 
the  history  and  discussion  of  the  causes  of  typhoid  fever  in  Chicago.  Statistics 
of  this  and  other  cities  given.    Eng.  News,  April  21,  i892,  pp.  399-401. 

.     See  Water  Supplies. 

Underground  Wire  Ducts.  Short  description  of  the  present  system  used  in  New 
York.    Illustrated.    Elec.  World,  April  23,  1S92. 

Valve  Gear.  Designing  Corliss  Gears.  Paper  by  James  Dunlop,  describing 
methods  of  designing.    Prac.  Engr.,  June  ?4,  i893,  et  seg. 

Valve.     Setting  of  Corliss  Valve.    See  Corliss  Valve. 

Valves.     See  Pop  Valves. 

Ventilation.  Of  the  Potomac  Tunnel,  Md.  Short  description  and  details  of  venti- 
lating shaft,  tunnel  and  plant  using  electric  motor  for  fan.  Eng.  News,  Oct. 
20,  1892,  p.  362. 

of  Mines.    Resistance  to  the  Air  Currents  in  Mines .    Table  giving  coeffi- 

efficients  for  various  conditions.  From  a  paper  by  T.  L.  Elwen,  before  the 
North  of  Eng.  Inst.  Engrs.    Prac.  Engr.,  Jan.  22,  i892,  p.  61. 

— .    See  Dust. 


Vessel.    See  Torpedoes. 

Viaduct.     Gour  Noir  Viaduct.    Description  of  this  large  masonry  arch,  with  account 

of  erection,  detail  drawings  and  diagram  of  movement  of  crown  due  to  change 

of  temperature.    From  Annates  des  Ponts  et  Chaussees.    Eng.  News,  Aug.  18, 

iS92,  pp.  149-51. 
.    Highest  in  the   World.    Table  giving  principal  features.    Eng.  News, 

March  12,  i892,  p.  244. 
.    Ml.  Vernon,  Ohio,  stone  viaduct  across  the   Kokosing  River.     Five  38 


ft.  spans.     General  description,  with  estimate  of  cost.  Eng.  News,  Sept.  1,  i892, 
p.  i9". 

,  Ogdcn  Avenue,  Chicago.    An  interesting  example  of  skew  pans.  Outline 

diagram  of  twelve  trusses,  with  complete  details  of  one  span.    Eng.  News, 
Feb.  6,  1852,  pp.  122-3. 
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Viaduct.      Pecos  River  Bridge.      Brief  description  of  this  extremely  high  viaduct 
on  the  Southern  Pacific  Railway.    Eng.  News,  Feb.  6,  1892,  p.  125. 

.    See  Arch. 

.    Sixth  Avenue  Viadtcct,  Duluth,  Minn.    Is  4%  ft.  long,  and  consists  of 

one  130  it.  truss,  and  plate  girders  for  the  remaining  distance.  Illustrated 
description.    Eng.  Record,  Feb.  29,  1892,  pp.  i92-3,  et  seer. 

.     The  Mt-  Ve7-non  Viaduct.    An  illustrated   description  of  a  new  stone 

arch  viaduct.  Ther  are  five  arches  of  38o  ft.  span,  9  ft.  rise.  By  C.  E.  Fow- 
ler.    Eng.  News,  Sept.  1,  1892,  p.  ig7. 

.     The  Weekawaen  Elevators  and    Viaduct.    Valuable  paper  by    F.  E. 

Brown  and  Geo.  Blakely,  before  A.  S.  C.  E.  General  description  and  details. 
Viaduct  steel  double  track  R.  R.,  873  ft.  long,  6  spans.  Elevator  power  i5o  ft. 
high.  Hydraulic  power,  details  of  safety  device.  Trans.  Am.  Soc.  C.  £.,  July, 
1892,  Vol.  XXVII,  pp.  1-1S. 

Weehawken  Viaduct  and  Passenger  Elevators.    Illustrated  description, 


with  inset  showing  details  of  elevators  and  tower,  and  of  a  180-ft.  span  of  the 
viaduct.    R.  R.  Gaz.,  Jan.  22,  1892,  pp.  53-5. 

■Water.  Notes  on  Some  Cases  of  Drinking  Water  and  Diseases.  By  Wm.  P.  Mason. 
Gives  several  cases  of  typhoid  fever  resulting  from  impure  water,  and  discusses 
the  question  of  self-purification.  Gives  analysis  of  several  streams  in  this  con- 
nection. Reprinted  from  your.  Frank.  Inst.  Jour.,  N.  E.  W .  W.  Assn.,  March 
1892,  pp.  i39-44. 

: .    Relative    Taste  and  Odor   Imparted  to    Water  by  Some  Algae  and  In- 

fuso7-ia.  A  paper  by  F.  F.  Forbes,  describing  the  effect  on  the  water  supply 
of  Brookline,  Mass.,  of  various  organisms.  fozer.  N.  E.  W.  W.  Assn.,  Dec. 
i89r,  pp.  90-97. 

.    Aeration  of,  in  a  Water  Tank.    Capacity  of  tank.  i,3oo,ooo  gal.    Short 

illustrated  description  of  method  used.    Eng.  Rec,  Oct.  8,  1892. 

.     Loss  of  Head  Resulting  from  tke  Passage  of   Water  through  a  24.-inch 

Stop  Valve.  Illustrated  description  of  apparatus  and  graphical  comparison  of 
results,  with  theoretical  computed  values  of  standard  authors.  Eng.  Rec,  Oct. 
8,  i892,  pp.  293-294. 

■ .    Purification    of.    An  article  by  Floyd  Davis,  discussing  the    various 

methods  of  self-purification.    Eng.  Mag.,  March,  i892,  pp.  8i9-26. 

.     Chemical  and  Biological  Analysis.     By  D.  W.  Mead.    See    Water 


Supply. 
.    Microscopical  Examination  of  Potable  Water.    Extracts  from  a  160  pp. 

book  by  Geo-  W.  Rafter.    Gives  methods  of  studying  water  supplies.    Eng. 

News,  June  16,  i892,  pp.  6i4-i^. 
.     The  Sale  of,  by  Meter  in  Berlin.    A  paper  by  Henry  Gill,  before  the 


Inst.  C.  E.,  giving  the  history  of  the  introduction  of  meters,  the  financial  suc- 
cess, etc.  Reprint,  Eng.  Record,  June  4,  i892,  et  seq.  Original  paper,  Proc. 
Inst,  C.  E.,  Vol.  CVII,  1891-2.  pp.  203-35.  Discussion  and  correspondence,  pp. 
236-86. 

— ■ .  Increase  of  Consumption .  Observations  to  determine  the  cause  of  in- 
crease in  consumption  of  water  at  Philadelphia  in  1S91.  Cause  found  to  be 
rapid  increase  of  manufacturing.    Eng.  News,  Oct.  27,  1S92,  p.  3S9. 

.     The  Waste  of  Water  in  Public  Supplies  and  its  Prevention.     Paper  by 


Wm-  Hope,  before  Inst.  C.  E..  describing  method  of  determining  amount  of 
water  wasted  from  various  sources.  Uses  of  waste  water  meters  placed  on 
mains.  Tabulated  results  of  water  supply  of  i3  cities,  showing  economy 
effected  by  proper  inspection  and  repairs.  Proc.  Inst.  C.  £.,  Vol.  CX.,  pp. 
260-276. 
,  Flow  of .    See  Hydraulics . 
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Water,  Contaminated.    See  Boilers. 

Water  Contamination.  Some  of  the  Circumstances  Affecting  the  Quality  of  a  Water 
Stipply .  Paper  by  G-  W.  Rafter,  before  the  Am.  W.-W.  Assn,,  describing  re- 
sults of  microscopical  examinations  of  various  supplies,  and  discussing  the 
question  of  food  supply  of  the  various  animal  forms.  Eng.  News,  June  2,  1892, 
p.  563. 

Water  Mains.  Cement  Joints  for  Cast  Iron  Water  Mains.  Eng:  News,  Sept.  8, 
1892. 

See  Pipes  and  Pipe  Laying. 

.     See  Water  Pipe. 

.     Crossing  Bridges,  Protection  of  Against  Freezing.    Description  of  a 

successful  method  using  wool  waste  around  pipe.  Other  non-conducting 
materials  which  can  be  used.  12th  Annual  Meeting  American  W.  W.  Assn., 
1892,  pp.  110-126. 

.    Lay ing a  Four-Foot  Water  Main.    See  Contractors'  Plant. 

Water  Meter.  Discussion  on  a  paper  entitled  "A  Memoir  on  Water  Meters."  By  G. 
Leverich.  Gives  several  designs  for  meters  intended  for  measuring  whiskey. 
Trans.  Am.  Soc    C.  £.,  Vol.  XXV,  Nov,  i89i,  pp.  563-9- 

.     The  Venturi.    A  description  of  this  meter,  applicable   to  any  size  of 

pipe,  with  illustrations  of  recording  apparatus.  Eng.  News,  July  7,  i892,  pp. 
16-18. 

,  /  'cnturi.    Illustrated  description  of  one-foot,  four-feet  and    nine-feet 


venturi  meters,    Results  of  experiments  showing  the  accuracy  of  this  method 
of  measuring  large  volumes  of  water.    Jour.  N.  E.  W.  W.  Assn.,  Vol.  VII, 
Sept.  i892,  pp.  .^2-47. 
Water  Pipe.     Laying  a  Four- Foot  Water  Main.    See  Building  Construction. 

.    Cast  Iron.    Abridged  list  for  specifications  as  reported  by  American 

Water-Works  Assn.  Usual  practice  for  testing  and  proper  thickness  of 
metal  for  varying  diameters,  6  in.  to  48  in.  Practical  Eng.,  July  i5,  1892,  pp.  ■ 
532-3. 

.     Limits  of  Pressure  Required/or  Fire  Protection.  Conditions  to  be  con- 


sidered in  the  granting  of  water  franchise.     Jour.   Assn.  Eng.  Soc,  Oct.  1892, 
pp.  520-530. 
.     Protection  Against  Freezing.    See  Water  Mains. 

Spiral  Riveted  Pipe  Line  in  Colorado.    Illustrated  description  of  suc- 


cessful use  use  of  a  14-in.  diameter  pipe.  Used  where  cast  and  wrought  iron 
cannot  be  obtained.    Eng.  ATcws,  Nov.  17,  i892,  p.  46i. 

■Water  Power  tit  Great  Falls,  Montana.     See  Dam. 

at  Niagara  Falls.    Full  plans  and  sections  of  tunnel,  power  house,  etc., 

showing  manner  of  utilizing  this  power  by  the  Niagara  Power  Co.  Eng.  Rec, 
Sept.  24,  i892,  p.  266,  et  sea-  Elec.  World,  Sept.  24,  p.  i93.  Power,  Sept. 
i892. 

,  The  Value  of.     Extracts  from  a  paper  on  same  subject,  by  Mr.  Chas.  T. 

Main,  read  before  A.  S.  M.  E.    Atner.  Mach.,  Feb.  25,  i892. 

.    See  Power  Plant. 

Notes  on  a  Problem  in.  Paper  by  John  Richards,  before  the  Am.  Soc. 
M.  E.,  discussing  the  adaptability  of  impulse  wheels  to  low  heads.  Eng. 
News,  May  26,  iS92,  pp.  530-1. 

.    Methods  of    Utilizing.    Illustrated  description    of    all    the   principal 

methods  of  utilizing  water  power.    Efficiency  tests  and  descriptions  of  differ- 
ent styles  of  turbines.    Valuable  points  for  designing.    Elec.  Rev.,  Aug.  19, 
iS92,  et  seq. 
.     See  Water  Supply. 
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■Water  Purification.     The  Anderson  Revolving    Water  Purifier  at  Worcester ,  Eng- 
land.    A  short  description  of  plant,  with  cost.    Eng.  News,  Sept.  22,  i892. 

.     Water  Softening    Plant     at    the  Southampton     Water-  Works.      De- 


scription, with  complete  detail  drawings  of  a  plant  for  softening  water  on  a 
large  scale.  Lon.  Eng.,  March  11,  1892,  pp.  3i7-i8.  Abstract,  Eng.  Record, 
March  26,  1892,  pp.  275. 

.     The  Effect  of  the  Aeration  of  Natural  Waters.    A  paper  by   Prof.  T. 

M.  Drown,  before  the  N.  E.  W.-W.  Assn.,  discussing  this  question  in  the  light 
of  numerous  experiments  recently  made  by  the  Mass.  State  Board  of  Health. 
Eng.  News,  Aug.  25,  1892,  pp.  183-4. 

.     Illustrated  description  of  Desrumaux's  system   for  purifying  water  for 


industrial  purposes.    Consists  of  precipitation  and  filtration.    Eng.  Record, 

June  4,  i892,  p.  10. 
by    Chemical  Treatment.    A  general  review  of  the  various  methods  in 

use.    By  W.  G.  Tucker,  M.  D.    Scienae,  July  15,  i892,  pp.  34-38. 
.     Softening  Hard  Water  for  Locomotive  Use.    Illustrated  description  of 


a  small  plant  on  the  Union  Pacific.    Eng.  News,  June  9,  i892,  p.  578. 

Purifying  Plant  ior  locomotives  of  the  Union  Pacific  at  Bitter  Creek, 


Wyoming.    Impurities  of  sulphate  and  carbonate  of  soda  causing  foaming. 
Ry.  Rev.,  Sept.  3,  1S92,  Pp.  555 
Water  Supply,  Memphis.     Location  and  distribution  of  Wells  and  Relation  of  their 
Spacing  to  the  Flow;  and  Temporary  Plant.    Eng.  Rec,  Dec.  i9,  i89i,  p.  44. 
Permanent  Plant,  Tunnel  and  Details  of  Special  Ball  Valve,    ibid,  Jan.  2, 


,  Ivory  dale,  Ohio.    Illustrated  description  of  filter  crib  and  filter  basin  of 

this  private  system.    Eng.  Record,  Dec.  26,  i89i,  pp.  61-2. 
,  Liver-pool,  England.     The  Vy?-nwy    Water  Supply.     Full  description  of 


this  work,  with  illustiations  of  dams,  water-towers,  etc.  Eng.  News,  Aug.  iS, 
i892,  pp.  146-9. 

,  Austin,  Texas.    New  Water-Power  and  Water  Supply  at  Austin,  Texas. 

Report  of  J.  T.  Fanning  on  the  dam,  power-house  and  water  and  electric  sup- 
ply systems.  A  dam'  60  ft.  high  is  being  built  across  the  Colorado  river.  Eng. 
News,  Aug.  18,  1892,  pp.  i52-3. 

for  Atlanta,  Ga.     Description  of   this  direct  pressure  system  bv    W. 


G.   Richards,  before  the  Am.   W.-W.  Assn.    En£.  News,  May  26,   i892,   pp. 
526-8. 

The  Driven    Well  System  of  Schuyler,  Nebraska:    An  illustrated  de- 


scription of  a  driven  well  system.     The  daily  yield  of  the  26  wells  is  700,000  gal- 
lons.   Paper  by  Mr.  F.  L.  Burrell.    Eng.  News,  Sept,  1,  iS92,  p.  i99. 

.    Engineers'  Report  on  the  Water  Supply  for  Newark,  N.  J.    Contains 


brief  description  of  the  reservoirs  and  statement  of  work  yet  to  be  done  to  com- 
plete the  contract.    Eng.  News,  Feb.  27,  1892,  p.  2o3. 

.     Warsaw,   Polish  Russia.    Brief   description,   particularly  of  the    six 

large  covered  filter  beds.    Latter  illustrated.    Eng.  Record,  Jan.  2,  i892,  pp. 
76-7. 

.    Filter  Bed  at  Storm  Lake,  Iowa.    Illustrated  description  of  this  small 


covered  filter  bed.    Eng.  News,  Nov.  28,  1891,  p.  519. 
.    Gravity  System  of.    Article  by  G.  W.  Rafts.    A  discussion  of  the  gen- 


eral principles  governing  conduit  systems,  with  description  of  the  Rochester 
system.    Ulus.    Eng.  Mag.,  Feb.  i892,  pp.  633-49. 

.     Utide?ground  Waters  of  the  Arid   Regions.   Article  by  R.  T.   Hill, 


discussing  sources  and  modes  of   occurrence.    Eng.  Mag.,  Aug.   i892,  pp. 
653-60. 
.    Measures  for  Restricting  the  Use  and  Waste  of    Water,  in  Force  in  the 
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City   of  Rochester,  N  Y.     By  G.  W.  Rafter.     Trans.  A.  S.  C.  F...  Vol.  XXVI; 
Jan.  1892,  pp.  23-28.    Discussion,  pp.  28-76. 
.    Rainfall,  Flow  of   Streams  and  Storage.    Paper  by  Desmond    Fitz- 


gerald, before  the  Am.  Soc.  C.  E.,  giving  tables  of  rainfall  and  storage  capacity 
in  connection  with  the  Boston  water  supply.  Eng.  Record,  July  9,  1892, 
p.  94. 

and  Typhoid  Fever.  Editorial  containing  statement  of  the  latest  informa- 
tion on  the  typhoid  fever  germ,  and  citing  some  of  the  most  noted  epidemics. 
Ens:  News,  April  2.  1892,  pp.  326-7. 

.    Investigation  of  a.    Abstract  from  a  report  of   Rudolph  Hering  on  the 


water  supply  of  Waterbury,  Conn.,  concerning  the  quantity  of  water  required 
for  such  manufacturing  towns.    Eng.  Record,  July  2,  1892,  pp.  77-8. 

for  Operating  Elevators  and  other  Motors.     "Some  Reasons  Why  in  De- 


signing and  Operating  a  System  of  Water-Works  for  the  Domestic  Supply  of 
a  Municipality,  Provision  should  not  be  made  for  Furnishing  Water  therefrom 
under  Pressure  to  Operate  Elevators  and  other  Motors."  By  J.  Nelson 
Tubbs,  before  the  New  Eng.  W.-W.  Assn.  Jour.  Neiv  Eng.  W.-W.  Assn., 
June,  i892,  pp.  i52-6o. 

.     Chemical  and  Biological  Analysis.     Abstract  of  paper  by  D.  W.  Mead, 

before  111.  Soc.  of  Eng.,  outlining  pioper  methods  of  making  analyses  and  in- 
terpretation of  results.  Comparison  of  analyses,  showing  allowable  impur- 
ities. Pamphlet,  pp.  16.  Am.  Arch.,  Oct.  22,  i892,  pp.  56-59.  Report  7th  annual 
meeting///.  Soc.  Engs.  and  Survey  ers,  i892. 

.  Collection  of .  Different  methods  of  collecting  and  storing  water.  Con- 
ditions necessary  to  secure  purity.    Eng.  Rcc,  Oct.  22,  i892,  p.  327. 

.    Storage  Capacity  Reguired.     See  Rainfall. 

.    Limits  of  Pressure   in  Water  Pipe  for  Fire  Protection.     See    Water 


Pipe. 
.    See  Canals. 

Water  Softening.  Plant  for  the  Stowmarket  Water  Works,  Eng.  Short  illustrated 
description,  usual  precipitants  used,  capacity  4ooo  gal.  per  hour,  Lon  Eng., 
Oct.  21,  1892,  p.  723. 

.    At  Southampton.    See  Water  Works. 

Water  Tower,  Yon  hers.  N.  Y.  Description  with  illustration  of  details.  Eng.  News, 
May  i9,  iv92,  pp   -4  4  5 

at  Massachusetts.      Architectural  treatment  of.   Eng.  News,  Sept.  8,  i892. 

—  at  Mannheim,  Germany.      Plan,  elevations  and  architectural  treatment. 

Eng.  Rec.,  Sept.  3,  1892,  p.  219. 
■ .     The  New   Water  Tower  at  Worms.      Illustrated  description  of  a  hand- 
some stone  tower  containing  an  elevated  tank.     Eng  Record,  Jan.  30.  1892,  p. 

141. 
Waterways  and  Railways.     Uses  of.     Paper  by  Thomas  P.  Roberts  discussing  the 

uses  of  railways  and  waterways  in  general  transportation  in  the  U.   S.      Eng. 

Rec,  Sept.  3,  i892,  pp.  212-3. 
Water-Wheel.  Peltou  ■    Description  of  a  multiple   nozzle  wheel  with  results  of  two 

tests.    Eng.  N ews,  Feb.  20,  i89>,  p.  172. 
Water  Works,  Birmingham,  Ala-      Description  with  illustrations  of  old  reservoirs 

long  pipe  line  with  sections  and  tunnels,  pumping  station  and  other  details. 

By  W.  J.  Milner,  Sup  t.    Eng.  News  April  16,  i892,  pp.  ;68-7i. 
.    Franklin,  iV.  H .      Lake  supply,   covered  reservoir  70  feet  in  diameter, 

18  feet  deep.    Full  illustrated  description  of  reservoir,  pipe  systems,  hydrants 

and  gates.    Jour.  N.E.   W.-W.  Assn.,  Vol.  VII.,  i892,  pp.  82-88. 
.Hannibal,  Mo.     Illustrated  description  of  new  reservoir.      Eng.  Record, 


July  9,  1892,  p.  g3. 
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Water  Works.  Iron  Intake  at  Menominee,  Mich.  Perforated  iron  cylinder  eight  feet 
diameter,  six  feet  high,  placed  in  twenty-three  feet  of  water.  ■  Short  illustrated 
description.    Eng.  Rec.,  Oct.  i,  1892,  p.  280. 

at  Liverpool.    See  Dam,  and  Water  Supply- 

.  Mechanical  Features  of  the  Liverpool  Water  Works.  Paper  by  Jos- 
eph Parry  before  the  Inst.  M.  E.    Mech.   World,  Feb.  19,  i892,  et  sea. 

,  Manchester,  Eng.     Profile  and  sections  of  aqueduct  illustrated.      Lon. 

Eng.,  Nov.  i3.  27,  iS9i. 

,  Manchester :  Eng '.     Details  of  valves,  etc.      Lon.   Eng:,  Jan.  8,  i892,  pp. 

33-5- 

.  Manchester,  Eng:  Bridges  and  subways  on  line  of  aqueduct.  Two- 
page  plate  of  details.    Lon.  Eng:,  Jan.  22,  1892,  pp.   102-3. 

.    Memphis,  Tenn.    Details  of  weirs  and  shoe  for  sinking  pump  wells. 


Eng.  Rec,  Feb-  20   i8q2,  p.  i96. 

.    See  also  Water  Supply,  Memphis. 

.    New  Chester,  Pa.,  Water-  Works.      General  description  with  details  of 

reservoirs,  chimney  of  boiler  house  and  settling  basins.     Eng.  Rec,  Feb.  6, 

1892,  pp.  159-01. 

.    Peoria,  III.    Inset  of  details  of  reservoirs,  standpipe  and  chimney.  Eng. 

News,  July  14.  i892.    Inset  of  details  of  pumping  station,  ibid.,  July  21,  1892. 

,  Peoria,  III.     Brief  description  of  these  works  with  illustrations  of     en- 


gines, reservoir,  pump  house  and  well.  Eng.  Rec,  July  2,  1892,  pp  76-7.  Ac- 
count of  test  by  Prof  J.  B.  Johnson,    ibid.,  July  16,  i892. 

.      St.  Louis    Water-Works  Extension.      Masonry  bridge  for  carrying 

conduit  over  Moline  Creek.  Elevations  and  sections-  Eng.  Rec,  Sept.  3, 
1892,  p.  218.  Concrete  for  ioundations  of  aqueduct.  Eng.  Rec,  Nov.  12,  1892, 
pp.  378-379. 

.    St.  Louis  Water  Works  Extension.      Settling  Basin,  Filling  Basin  and 

Drawing  Chamber.  Detail  illustrations-  Eng.  Rec,  Aug.  6,  1892,  pp.  152-3. 
Sections  of  main  conduit,  ibid.,  Aug.  i3,  i892,  p.  172. 


.    St.  Louis  Water  Works  Extension.     General  description,  details  of  in- 
let tower,  gate  house,  coffer-dam,  etc.    Eng.  Rec,  April  g,  i892,  p.  3i9,  et  sea. 

St.  Louis  Water- Works  Extension.    Map  of  connection  of  old  and  new 


systems  and  general  plans  of  the  terminal  chamber.  Illus.  Eng.  Rec,  Oct. 
22,  i892,  p.  326. 

— .    St.  Louis,  Mo.    Low  Service  Extension.      Views  from  photogravures  of 

the  inlet  lower  under  construction,  settling  basin  No.  2,  wall  of  settling  basin 
and  two  views  of  the  Moline  creek  arch  bridge.  Eng.  News,  Feb.  20,  i892,  pp. 
1689. 

.     Collecting  Well  of  Waltham  Water-Works.    Account  of  construction 

with  detail  drawings  of  a  well  54  ft-  in  diameter  and  18  ft.  deep.  By  F.  L.  Ful- 
ler,   four.  New  Eng.  W.-W.  Assn.,  June,  i892,  pp.  183-4. 

.    Annual  Report,  i8qi,   Toronto  Water-  Works  Superintendent.    Contains 

brief  descriptions  with  illustrations  of  lake  intake,  standpipe,  and  bridge  for 
carrying  12  in.  steel  main  over  a  stream,  together  with  usual  statistics. 

■  Distribution  Mains  and  Fire  Service.  A  paper  by  J.  T.  Fanning  dis- 
cussing the  question  of  proper  fire  service.  Tables  of  rate  of  flow,  friction, 
etc.  Fire  and  Water,  June  18,  i892,  pp.  28i-3.  Eng.  Rec,  May  28,  June  4,  1892. 
12th.  annual  meeting  American  W.-W.  Assn.,  1892,  pp.  61-88.  Peter  Milne 
Secy.,  New  York  City. 

.    Hydrants  and   Water  Pipes.     Arrangement  of  for  the  protection  of  a 

city  against  fire.  Sizes  of  pipes  needed  and  most  economic  methods  of  pro- 
viding against  fire.  A  valuable  article  by  John  R.  Freeman,  C.  E.  your.  N. 
E.  W.-W.  Assn.,  Vol.  VII.,  Sept.,  1892,  pp.  49-81.  Abstract  in  Eng.  Rec,  July 
16,  i892,  el  sea. 
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Water  Works.    Pumping'  Station  at.    See  Pumping  Plant. 

.    See  Conduit. 

"Water  Works  Franchises.  Particulars  in  which  Municipal  Officers  should  Protect 
the  Municipal  Corporation  in  Granting  Water-  Works  Franchises  to  Private 
Companies.  A  paper  by  J.  Nelson  Tubbs,  before  the  Am.  W.-W.  Assn.,  en- 
umerating and  discussing  various  provisions.  Eng.  News,  May  19,1892,  pp. 
518-9.  12th.  Amiual  Meeting  American  W.-W.  Assn.,  i892,  pp.  36-49.  Peter 
Milne,  Secy.,  New  York  City. 

.  Table  of  statistics  concerning  franchises  of  over  one-third  of  the  com- 
panies in  the  U.  S.,  with  discussion.    Eng.  News,  Jan.  9,  1892.  pp.  37-8. 

Water-Works  and  Softening  Plant.  At  Southampton.  Capacity  3, 000, coo  gallons 
per  day.  Illus.  description  of  pumping  engines,  underground  reservoir,  i5o 
ft.  diameter,  and  Atkins  system  of  water  softening;  the  precipitated  bicarbon- 
ate of  lime  removed  by  self  cleansing  filters.  Tabulated  comparison  of  Clark, 
Porter  and  Atkins  systems  of  water  softening.  Proc.  Inst.  C.  E.,  Vol.  CVIII., 
pp.  285-304. 

Water-Works  Statistics.  Ownership  0/  American  Water-Works.  Tables  and  dia- 
grams showing  in  detail  the  ownership  of  water-works  in  the  U.  S.  and  Can- 
ada, and  the  growth  for  nine  decades.    Eng.  News,  Jan.  23,  it92,  pp.  83-6. 

.  Consumption  0/  Water  and  Use  of  Meters .  Tables  of  statistics,  with  ac- 
companying discussion,  regarding  use  of  meters  and  effects  upon  water  con- 
sumption.   Eng.  News,  Jan.  16,  i892,  pp.  6i-4. 

Watertown  Arsenal,     See  Testing  of  Metals. 

Wave  Power.  Utilization  of  the  Power  of  Ocean  Waves.  A  paper  by  A.  W.  Stahl 
before  the  Am.  Soc.  M.  E.,  giving  a. complete  discussion  of  this  subject.  Il- 
lustrations of  various  devices  given.  Extract,  Eng.  News,  June  2,  i892,  pp. 
564-6. 

Weighing  Machines.  General  Principles  and  Details  of .  Illus.  paper  by  Wilfrid 
Airy  before  Inst.  C.  E.,  giving  complete  description  and  theory  of  all  the  prin- 
cipal weighing  machines.     Proc.  /nsi.  C.E.,  Vol.  CVIII.,  pp.  1-94. 

Weir.  The  Cippoletti  Trapezoidal  Weir.  Description  with  results  of  tests  of  this 
weir.    By  Prof.  L.  C.  Carpenter  of  Colorado.    Eng.  Pec,  Aug.  13,   i892,  p.  168. 

Well.  Deep  Artesian  Well  at  Galveston,  Texas.  Depth,  2,920  ft.  Description  of 
this  work  as  it  had  progressed  to  June  10,  i892,  with  views  of  derrick  and  mach- 
inery and  sections  of  well.  A  special  process  of  sinking  is  used.  Eng.  News, 
Aug.  11,  i892,  pp.  122-3. 

.  Drive?!  Well  System  0/ Schuyler,  Nebraska.  As  a  source  of  water  sup- 
ply.   Eng.  News,  Sept.  1,  1892,  p.  i9g. 

.     See  also  Water  Supply. 

.     See  Artesian   Well. 


Wharf.  The  Iron  Wharf  at  Fort  Monroe,  Va.  Short  description  of  the  construction 
with  details.  Cast  iron  piles  and  iron  floor  beams  used.  Trans.  A.  S.  C.  £., 
Aug.,  i892,  Vol.  XXVII.,  pp.  113-124.  Abstract  in  Eng.  News,  June  30,  i892 
pp.  601-2. 

Wheels.     Wear  of  Car  Wheels.    See  Railroad  Wheel  Record. 

.     See  Car  Wheels. 

.    See  Steel. 

Wheel  Tires,  On  Locomotive.  Wear  of.  See  Railroads,  Locomotive  Driving  Wheel 
Tires. 

Whitelaw,  John.    A  memorial  by  a  committee  of  the  Civil  Engineers  Club  of  Cleve- 
land.  Jour.  Assn.  Eng.  Soc,  Nov.,  1892,  pp.  538-g. 
"White  Plains.    See  Sewage  Purification. 
Wind.      See  Meteorology. 
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"Wind  Bracing.  In  High  Buildings.  Paper  by  H.  H.  Quimby,  before  A.  S.  C.  E., 
outlining  the  present  methods  of  designing  and  calling  attention  to  some  of 
their  defects.  Numerous  discussions.  Trans.  A.', S.  C  E.,  Vol.,  XXVII., 
Sept.,  iSq2,  pp.  221-252.  Abstract,  Eng.  Rec,  Nov.  i9,  1892,  et  seq . 

"Wire  Rod  Rolling.  Lecture  by  R.  W-  Hunt  before  the  students  of  Sibley  College, 
Cornell  University.    Iron  Age,  March  3i,  i892,  pp.  6pj-ii. 

Wire  Ropes.    See  Ropes. 

Wire  Ropeway.     See  Ropeway. 

Wiring.     Conduits  for  Underground   Wiring.     See  Conduits. 

Wood  Construction.  Better  Wood  Construction.  Illustrated  article  giving  practi- 
cal information  on  various  constructive  features.  Am.  Arch.,  Feb.  i3,  i:92, 
pp.  io6-7,  et  seq. 

Wooden  Columns.     See  Columns. 

Wooden  Pulleys.     See  Pulleys. 

World's  Fairs.  By  F.  E.  Sickels  before  the  Engr's  Club  of  Kansas  City.  Discus- 
ses various  expositions  as  to  lasting  effect  and  suggests  for  the  Chicago  fair 
in  the  way  of  novelty  and  education  a  building  with  uniform  temperature,  free 
from  dust  and  perfectly  ventilated,  your.  Assn.  Eng.  Soc,  Jan.,  i892,  pp. 
16-24. 


Zinc-Lead  The  Treatment  of  Argentiferous  Zinc-Lead  Sulphides.  By  C.  Schnable, 
giving  description  of  various  processes  with  estimate  of  cost.  E.  &  M-  Jour., 
Sept.  17,  24,  1S92,  pp.  269  and  295. 


NOTE. — For  all  Government   publications  and   information   concerning  them, 
send  to  J.  H.  Hickox,  906  M  Street,  W.,  Washington,  D.  C. 


»"     >. 

?•   '*    » 

L        ^ 

-<w   ^      '     t            - 

^ 

rsVi 

-*"  ■*     -4 — 

•       1* 

el  i 

Jk    >>       >      >    * ■  * 

■J* 

■%  „ 

L  -*A     v    i   ♦     x  -k    ^ 

J 

'*        St 

4  ♦ 

:; 

t-     X 

-'       ( 

s*»*  ^   e  r 

r  i     *.       1   Si       w 

■•to       „ 

V                   J" 

w^ 

£     J> 

•        /*•"*'«**. 

*»»  1 

^»      1 

w  / 


^    *- 


-34 


»  r    v  l  > 


«  > 


V     1>   S 


M 

»   i 

mm    %      <■  |     , 

-»    ->>^      *r        i    m* 

>      £f       V 

^  v>  ~ 

>     jr        »r> 

>      1 

-*  J  >       > 

^  * 

?  J> 

> 

r  * 

■  --*»*   *  ,     ^ 

* 

**-?*' 

*  mm 

*  £    0 

>     ^    J  /     ' 

*  .*     ^ 

J     '.J    ' 

4.     £ 

x  JJ    ; 

r    )  J  ^v      ,. 

'    }    *  ' 


>    5   ' 


V->»    Pj 


W  J 


1    *>       _?*!. 


urn 


-A 


j        •    o»  r    19    i 


>j~m 


)>> .  i  >    y 

»    jp 

»      » 

.7,  % 

M         i 

'r^  ,-5i 


m     M      V>    M    > 

'i-    )         J  '    >      > 


C 


SMrTHSONIAN  INSTITUTION  LIBRARIES 


3  9088  015491350 


r'rr  /■'■"'■■■  58     '■'-■■  •-".-  ■'■■■"■  ; 
•••"'-■;;•.■.••••.•■-■.■■■,'■.:..;.■•■•■.■ 

:'  -;'-: '..."  ■^'■■■-  ;     »  •.■■■■■■"•:'■.■■.  • 

:       -•"-■  ''■■■•   •  1    ••'   '  ''Rjffi 


■•.'■'■.'■■'""•'' 


.:■■:■■■'■■■■• 

Wmmm 


)-'--: 


HI 


"'■  111111  |1|§| 

■'•■'■'■'■■''■-•■■-'•■■"'■■■""• 


■•■;  3       ■■•■;. 


Sft  tfx OC  JwCwffy/ifViiV 

Hilll 

ffijagtt^cf 

'     "•"■' SShS ;  « 

.'  '.'::'  •"■■' ;' 

afiSlKm^rara 

BsJWflBEijJSS 

;■'.':■:•••;.;.•:•  ::;..;■.>••. 

'.    SjSj -..:  ' ■•'■■;  ''•' 

V*ri5ijM'u-ySw^¥iMfta 

3DWW0ftAte3 

